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REMARKS 

Reconsideration of this application is respectfully requested. 

Status of the Claims 

Claims 1-12 are pending in this application. Claims 7, 11, and 12 have been 
withdrawn as being directed to nonelected subject matter. 

Claim 1 has been amended to recite "[a] method for treating an acute or chronic 
lesion or a degenerative disease of the nervous system by stimulating the 
polymerization and/or the stabilization of microtubules in a patient, comprising the 
administration to said patient, of an effective quantity of a drug comprising 3p-methoxy- 
pregna-5-ene-20-one (3-methoxy-PREG) or a molecule derived from pregnenolone that 
contains a 3-methoxy function and is incapable of being converted into a metabolite or 
ester sulfate of pregnenolone." Support for this amendment can be found in original 
claim 1 and in the specification at page 1 3, lines 5-9. 

Dependent claims 2-6 and 8 have been amended to refer to the method of 
claim 1. Claims 2-6 and 8 have also been amended to replace the term "the 
aforementioned" with the term "said." 

Claim 9 was amended to recite "[a] drug consisting of methoxy-PREG." Support 
for the amendment to claim 9 can be found in original claim 9. 

No new matter has been introduced by the foregoing amendments. 
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Election/Restrictions 

The Examiner required restriction to the following two groups of claims: 

Group I Claims 1-10, drawn to a use of 3-methoxy-pregnenolone (3-methoxy- 

PREG) or a molecule derived from pregnenolone, and an excipient for the 
preparation of a drug to treat an acute lesion, a chronic lesion or a 
degenerative disease; and 

Group II Claims 11-12, drawn to methods for increasing the stabilization and/or 
inducing the polymerization of microtubules, or neuritic sprouting 
comprising 3-methoxy-pregnenolone. 

Applicant elects Group I, claims 1-10, drawn to a use of 3-methoxy-PREG or a 
molecule derived from pregnenolone, and an excipient for the preparation of a drug to 
treat an acute lesion, a chronic lesion, or a degenerative disease. 

In addition, the Examiner required an election of species from each of the 
following three groups: 

Group A An acute lesion, a chronic lesion, or degenerative disease, for the purpose 
of examining claim 1; 

Group B Alzheimer's disease, Parkinson's disease, age-induced memory loss, a 

cerebral lesion, a lesion of the spinal cord, and the disease recited therein, 
for the purpose of examining claim 2; and 

Group C 3-methoxy-PREG or a molecule derived from pregnenolone of formula (I), 
as recited therein in claim 1 . 

Applicant elects "an acute lesion from Group A, a "cerebral lesion" from Group B, 
and "3-methoxy-PREG" from Group C. Upon the allowance of a generic claim, 
Applicant requests the Office to consider claims to additional species, which include all 
the limitations of the allowed generic claim, in accordance with 37 C.F.R. § 1.141. 
Meanwhile, Applicant is retaining all of the claims for possible rejoinder during 
examination on the merits. Claims 1-6 and 8-10 are readable on the elected invention. 
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Objection to Claims 

The Examiner objected to claims 4-8 as allegedly "being in improper form 
because a multiple dependent claim cannot depend from other multiple dependent 
claims." Office Action at 9. 

In response, Applicant points out that amended claims 4-8 depend from only 
claim 1 . As such, Applicant respectfully submits that claim 9 is in proper form. 

Rejection under 35 U.S.C. §112, second paragraph 

Claims 1-9 were rejected as being indefinite under 35 U.S.C. §112, second 
paragraph, for allegedly "failing to particularly point out and distinctly claim the subject 
matter which the Applicant regards as his invention." Office Action at 9. 

The Office particularly rejected claims 1-8 because "it is unclear what 
method/process applicant is intending to encompass," with respect to the "use" of 3- 
methoxy-pregnenolone. Office Action at 9-10. The Office also applied the foregoing 
rationale to reject claims 1-8 under 35 U.S.C. §101, allegedly "because the claimed 
recitation of use, without setting forth any steps involved in the process, results in an 
improper definition of a process, i.e., results in a claim which is not a proper process 
claim under 35 U.S.C. 101." Office Action at 10. 

In response, Applicant first points out that Claim 7 has been withdrawn from 
prosecution as not reading on the elected species. Thus, the rejection of claim 7 has 
been rendered moot. 

With regards to claims 1-6 and 8, Applicant points out that, as amended, these 
claims do not recite the term "use" and instead recite "A method for treating an acute or 
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chronic lesion or a degenerative disease of the nervous system by stimulating the 
polymerization and/or the stabilization of microtubules in a patient, comprising the 
administration to said patient, of an effective quantity of a drug comprising 3p-methoxy- 
pregna-5-ene-20-one (3-methoxy-PREG) or a molecule derived from pregnenolone that 
contains a 3-methoxy function and is incapable of being converted into a metabolite or 
ester sulfate of pregnenolone, wherein said molecule derived from pregnenolone is of 
formula I." As such, Applicant respectfully submits that the Office's rationale for 
rejection has been obviated because the claims recite a method of treatment with at 
least the active steps of administering a drug to a patient and stimulating the 
polymerization of said patient's microtubules. 

The Office also rejected claims 1-6 and 8 because it is allegedly unclear whether 
the recitation of the term "aforementioned" refers to a claim term recited by independent 
claim 1 or a claim term recited by each of the dependent claims 2-6 and 8, respectively. 
Office Action at 10. 

In response, Applicant points out that amended claims 1-6 and 8 do not recite the 
term "the aforementioned," but instead recite the term "said," which unambiguously 
refers to claim terms in independent claim 1. Accordingly, Applicant respectfully 
submits that the Office's rationale for rejecting claims 1-6 and 8 under 35 U.S.C. §112, 
second paragraph, for allegedly being indefinite has been obviated. 

The Office also rejected claim 9 as being indefinite because allegedly, "it is 
unclear that the claim is directed to 3-methoxy-pregnenolone as a drug only or is 
directed to a composition comprising 3-methoxy-pregnenolone as a drug." Office Action 
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at 10. In response, Applicant points out that amended claim 9 recites "[a] drug 
consisting of 3-methoxy-PREG." Accordingly, the utilization of the closed language 
terminology "consisting of in claim 9 unambiguously indicates that the drug is 3- 
methoxy-PREG. Thus, Applicant respectfully submits that the Office's rationale for 
rejecting claim 9 under 35 U.S.C. §112, second paragraph, for allegedly being indefinite 
has been obviated. 



Rejection under 35 U.S.C. §102(b) 

Claims 1-6 and 8-10 were rejected as allegedly being anticipated by Chopp era/. 

(US 6,245,757). Office Action at 1 1. More specifically, the Office states that: 

With respect to claims 1-3, 6, 9 and 10, Chopp et al. disclose a use of a 
progestin, i.e. pregnenolone methyl ether . . . which facilitates rapid 
transport of a steroid to the brain, is effective in reducing infarct size 
following acute, focal ischemia, i.e. middle cerebral artery occlusion, when 
given before and after the onset of ischemia (column 3, line 63-67; column 
4, line 1 and column 5, line 4). As a result, the ischemic tissues, including 
tissues of the central nervous system, can be treated so as to improve 
tissue survival and to hasten general bodily recovery (column 4, line 23- 
26). 

Chopp et al. also disclose that the progestin is administered to a mammal 
in combination with one or more pharmaceutical excipients (column 6, line 
1-2). More specifically, Chopp et al. disclose that the progestin compound 
is formulated to pass through the blood-brain barrier and enters the central 
nervous system at widespread sites (column 12, example 2: line 9-11). 

Office Action at 12-13. The Office relies on the foregoing interpretations of Chopp et al. 
to allege that claims 1-6 and 8-10 are anticipated because these claims allegedly "are 
directed to a process of preparing a pharmaceutical composition, in an injectable or an 
oral form, comprises [sic] 3-methoxy-pregnenolone . . . present in an amount of 50 to 
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2500 mg and an excipient." Office Action at 1 1 . Applicant respectfully traverses for the 
following reasons. 

The Cited Art Erroneously Classifies 3-methoxy-PREG as a Progestin 

Applicant respectfully points out that Chopp et al. teaches the use of progestins , 
but not 3-methoxy-PREG, for treating brain lesions resulting from ischemia. More 
particularly, Chopp et al. states: 

It is believed that the present method functions, at least in part, by the 
ability of the progestin to reduce the damage caused by ischemia, i.e., the 
brain damage caused by cerebral ischemia, and its aftereffects. The 
efficacy of the present method may also be due to enhancement of the 
ability of the brain to recognize after damage, by enhancing its intrinsic 
ability to compensate for injury. 

Chopp et al. at column 2, lines 38-45. 

Applicant notes that Chopp et al. fail to disclose mechanisms by which progestin 
permits the reduction of brain damage caused by ischemia and for how progestin 
enhances the brain's ability to recognize and compensate for injury. 

Furthermore, Applicant submits that the conclusions of Chopp et al. that relate to 
the effects of progestins were reached by generalizing experimental data obtained by 
using only progesterone, the natural hormone on which the families of progestin and 
progestagens are based. Indeed, the only data that are presented by Chopp et al. were 
derived from experiments that tested the effect of progesterone on brain lesions 
resulting from ischemia. 

Applicant points out that the medical community defines a progestin as "a natural 
or synthetic progestational substance that mimics some or all of the actions of 
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progesterone." See the enclosed copy of the entry for the definition of "progestin" in 
The Free Dictionary. Thus, Applicant further submits that a progestin is a compound 
that has progesterone activity, i.e. an agonist of the progesterone receptor. 

The fact that progestins possess progesterone activity is also confirmed by the 
reference by Chopp et al. to the "bioactive metabolites" of progesterone. See Chopp 
et al. at column 2, lines 50-51 . Applicant submits that the term "bioactive metabolites" in 
reference to progesterone suggests that only metabolites of progesterone that retain 
progesterone activity are envisaged. 

Chopp et al. also contains additional support for the notion that progestins should 
be understood as compounds that have progesterone activity, by its teaching that 
"effective amounts of progesterone or other progestins can be delivered ... in order to 
mitigate or block the effects of stroke-induces ischemia." Chopp et al. at column 4, lines 
9-12. 

In view of the teachings of Chopp et al. that progestins should have progesterone 
activity, Applicant respectfully submits that any compound that is cited by Chopp etal., 
which does not have progesterone activity, would not have been recognized as a 
progestin by an ordinarily skilled artisan at the time of the invention. Thus, Applicant 
submits that the classification of compounds, which do not have progesterone activity, 
as progestins would be erroneous. Indeed, although the mechanism of action of 
progestins for treating ischemia-induced brain lesions is not elucidated in Chopp etal., 
Applicant submits that a person of ordinary skill in the art would have understood from 
the teaching in Chopp et al. that the mechanism of action involves progesterone activity. 
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The "Detailed Description of the Invention" section of Chopp etal. cites a long list 
of compounds that are presented as useful. This list includes progesterone and a list of 
compounds that includes well-known synthetic progestins, such as 5- 
dehydroprogesterone and megestrol acetate, as well as molecules corresponding to 
numbers 267-284 1 and 7908 to 7915 of the Merck Index, 12 th edition (the Merck Index 2 ). 
However, Applicant points out that no teaching was provided by either Chopp et al. or 
the Merck Index, which demonstrated that the listed compounds of the Merck Index 
have progesterone activity. 

Moreover, Applicant submits that some of the cited compounds are not 
progestins, and thus, can not activate the progesterone receptor. For example, 5p- 
reduced steroids (3,20-pregnanedione), as well as pregnenolone methyl ether (or 3- 
methoxy-pregnenolone), are not progestins. 

With particular regard to 3-methoxy-pregnenolone, Applicant submits that the 
absence of progesterone activity is first deducible from the enclosed review article by 
Bursi and Groen concerning structure-activity relationships of progestins, which are 
referred to therein as progestagens. Bursi and Groen, (2000) Eur. J. Med. Chem. 
35:787-96. Applicant submits that Bursi and Groen formally exclude the possibility that 
a compound with the chemical structure of 3-methoxy-pregnenolone could have 
progesterone activity. Indeed, Bursi and Groen indicate that structure-activity 

1 Chopp et al. refer to molecules 266-286. However, the molecules referred to by name 
in Chopp et al. at column 4, lines 59-60, which include allopregnone-3-oc. or 3-p\ 20-a or 
20-p-diol, appear to better correspond with molecules 267-284. 

2 Copies of relevant pages are enclosed. 
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relationship (SAR) studies showed that for there to be progesterone activity, "1) 
hydrogen bond accepting substituents at C-3 and C-17 [positions of the ligand] are 
required." See Bursi and Groen at 788, last paragraph. 

However, Applicant submits that 3-methoxy-PREG is unable to form a hydrogen 
bond at the C-3 position because it has a methoxy at that position, and methoxy groups 
are unable to form hydrogen bonds. In addition, Applicant points out that the methoxy 
group at C-3 of 3-methoxy-pregnenolone is an ether group, and ethers are not capable 
of accepting a hydrogen bond. See the first sentence of the enclosed Wikipedia Article 
entitled Physical Properties. Thus, Applicant submits that in view of Bursi and Groen, 
one of ordinary skill in the art at the time of the invention would have known that 
compounds that were not capable of forming a hydrogen bond at the C-3 position could 
not have had progesterone activity. Accordingly, Applicant submits that one of ordinary 
skill in the art at the time of the invention would have excluded 3-methoxy-pregnenolone 
from progestins suitable for practicing the invention of Chopp et al. 

Also, the absence of progesterone activity by 3-methoxy-pregnenolone is further 
demonstrated by the enclosed additional data submitted by Applicant. These data show 
that 3-methoxy-PREG is unable to activate a progesterone receptor activity reporter 
gene. Moreover, these data also show that 3-methoxy-PREG can act as a dose- 
dependent antagonist of the pregnenolone receptor. Thus, Applicant submits that these 
data support the teaching of Bursi and Groen, that 3-methoxy-PREG has no 
progesterone activity and that one of skill in the art at the time of the invention could not 
have looked to Chopp et al. for teachings that 3-methoxy-pregnenolone has 
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progesterone activity and that it could be used to treat ischemic damage by activating 
the same mechanism that is activated by progesterone, even though 3-methoxy-PREG 
is erroneously cited in Chopp et al. among a list that is mainly composed of true 
progestins. As such, Applicant submits that Chopp et al. failed to disclose teachings 
related to the use of 3-methoxy-pregnenolone to treat neuronal damage caused by 
ischemia. 

Furthermore, Applicant submits that even if one of ordinary skill in the art had 
tested 3-methoxy-PREG for progesterone activity in spite of the teachings to the 
contrary of Bursi and Groen, the skilled artisan would have discovered that 3-methoxy- 
PREG would not have activated the progesterone receptor and thus, would not be 
effective for treating ischemic injury according to the treatment method taught by Chopp 
et al., which does not address the 3-methoxy-PREG-mediated mechanism involving the 
stimulation of the polymerization or the stabilization of microtubules, or both. 
Accordingly, Applicant submits that claims 1-6 and 8-10 are not anticipated by Chopp 
era/. 

The Cited Art Fails to Teach all the Elements of the Rejected Claims 

Also, in order for cited art to anticipate a claimed invention, the M.P.E.P. requires 
that "each and every element as set forth in the claim is found, either expressly or 
inherently described, in a single prior art reference." M.P.E.P. § 2131 (8th ed., 5th rev. 
2007) (citing Verdegaal Bros. v. Union Oil Co. of California, 814 F.2d 628, 631 (Fed. Cir. 
1987)). 
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With the foregoing guidance from the M.P.E.P. in mind, Applicant submits that 
Chopp et al. does not teach all the elements of amended claim 1 , the claim from which 
all other claims depend. For example, Chopp et al. fails to provide any teachings that 
relate to treating an acute or chronic lesion or a degenerative disease of the nervous 
system by stimulating the polymerization and/or stabilization of microtubules in a 
patient, as recited by the instant claims. 

More specifically, Chopp et al. exemplifies only progesterone for the treatment of 
ischemic injury. However, Applicant points out that the instant specification teaches that 
progesterone does not stimulate the polymerization of microtubules and that it is an 
antagonist of the microtubule polymerization activity of pregnenolone, the precursor 
molecule of 3-methoxy-PREG and progesterone. See Specification at 4, lines 7-10; and 
at 16, lines 16-20. Thus, the mechanisms of action by which 3-methoxy-PREG and 
progesterone have beneficial effects on the brain following ischemic injury are different. 
Chopp et al. does not teach a method for treating an acute or chronic lesion or a 
degenerative disease of the nervous system by stimulating the polymerization and/or 
the stabilization of microtubules. Accordingly, Applicant submits that the Office can 
withdraw the rejection of claims 1-6 and 8-10, under 35 U.S.C. §102(b). 

In view of the foregoing remarks, Applicant respectfully requests the 
reconsideration and reexamination of this application and the timely allowance of the 
pending claims. 
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Please grant any extensions of time required to enter this response and charge 
any additional required fees to our Deposit Account 06-0916. 

Respectfully submitted, 



FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 



Dated: July 22, 2008 




Kenneth J. Meyers 

Reg. No. 25,146 

Phone: 202-408-4033 

Fax: 202-408-4400 

Email: ken.mevers@finneqan.com 
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pro-ges-tin^ (pr^jes'tTn) 
n. 

1. A natural or synthetic progestational substance that mimics some 
or all of the actions of progesterone. 

2. A crude hormone of the corpus luteum from which progesterone 
can be isolated in pure form. No longer in scientific use. 



[pro- 1 + gest(ation) + -in.] 

The American Heritage® Dictionary of the English Language, Fourth Edition copyright ©2000 by 
Houghton Mifflin Company. Updated in 2003. Published by Houghton Mifflin Company . All rights 
reserved. 



TheSaurUS Legend: iSynonyms (Related Words | Antonyms 

Noun 1. progestin - any of a group of steroid hormones that have the 
effect of progesterone 
j progestogen 

sex hormone , steroid hormone , steroid - any hormone 



affecting the development and growth of sex organs 
Lipo-Lutin . progesterone - a steroid hormone (trade name 



Lipo-Lutin) produced in the ovary; prepares and maintains the 
uterus for pregnancy 

megestrol . meqestrol acetate - a synthetic progestational 



compound used to treat endometrial carcinoma 
norethandrolone . norethindrone . norethindrone acetate . 



Norlutin - a synthetic progestational hormone (trade name 



Norlutin) used in oral contraceptives and to treat 
endometriosis 
norethvnodrel - a progesterone derivative used in oral 



contraceptives and in the control of menstruation and the 
treatment of abnormal uterine bleeding 
noroestrel - synthetic progestin used in oral contraceptives 
medroxyprogesterone . Provera - a progestin compound 



(trade name Provera) used to treat menstrual disorders 

Based on WordNet 3.0, Fariex clipart collection. © 2003-2008 Princeton University, Fartex Inc. 
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4-18.4* (c 1.69 In chloroform). 

267. AUopr^e.3cr^O>dinl. *<££m'%^ 

^* riii'&i a^iaSsnTtaa t>y reduction of Sa- 

ffi. xtoun, a^aim. *™j£J2* &'+it & - 

Crystals from methanol, mp [atjfif +1/ V -> 

<p r= 0.40B in benzene). 

268. Anoptcgnanc^a,20/5-^oL <3a,^2^-^ : 
H _„ J% 3c*2<M-dinydfoxy-5a-pregnanc- C^»3<Ua> 

320 CtSS^H H.32%. O 9.98%, Prog«tcr- 

Marker. LftwBoxu /. ^w. Owam. Sac 61, 588 U93*>r oy 
catSytio hJdwcnation of ^lsilopwgn^a^-Ol-20-onc, 
Mario* US. PJU. 2*231,019 (1941 to Parte Davis); by re- 
ri ^^M^i^n«-3io-alone with lithium alumu 
Srhy« Chfm. Acta 41, 1751 

0 Keedlcs from acetone mp 207-209*. Vgf +^ Co - 
1,132 in chloroform). 




272 AUoDreiui*^-3M7*^ ol - 20 - cne - J^ 17 *?*' 
la® +18" (»oetond. 

CWm. >4cW 24, 356 u*** 1 * py jT?Tnnw*r vriLzcher. ibid 
7a oarme with chromium moxid^j B diet ex. Miescncr, uwo. 
M 1409 * iW^by^oVosejWLtion of prepeoolone: Fa P - 
F2» Ofi-r. W. 4556 fijSS from. fan- 

Cryated* from methylene chloride + h«anc mp 2WT, 
CA 34, 81S4a(1940). 



metabolite, IaO» from prcsnant marea' vrine: BrooJa « 
" ^?L/.5l, 694 ^SiT P«pn by hentmB 3^ 
o^dro^-S^pre^anc ^idi fl odium, or by tyto«^ati0n 
S 5*^r^ani-2^ol-3^nc in amd: Marker, UA pot* V 
19IS0 12^50^ (194a 1941. bofli to Parke. Davl£ 
ny 3£ TlfaUopregnim^fl-ol^De aoe*w« jj£ 
sodium: K^ymv Barton. J. ^m. Cfidm. SbA 71, 150G > UWJ, 
b^Suctiorof 5,16-pregr^en-3^1 v 20^ ^ith ^ + 
airio aad: Ercoll. Dc RuffSieri, Form. ScL Tec Pavia 7 f 11 

"^rL^O,. ^Ula faom p«r cth«. mp 164- 
165*. +0.8? Co = 1-2 m <Woroform). 

DfbSioota, C^HuO., crystftls, mp 17a5-l7r. [eOff 
+27.7* ^ •= 0.84 m cnloroform). 

270. AUopreraane-3i5,20^-dioL <30j*2OR)-Fr*g- 
2<hdioU 3A2W^mydjrc^-5a-pregnanc- C»H^i' 
mTS sSli C 7^70^^32%,O9.9^. Pro|C^ 
one metabolite- Isoln from prcftnant marea' unnc: Brooks 
TaCnMJ. 51, 694<195^P«Pu by «fy^ ^c- 
tion of a no^c B nane.3,20-Oione: Marker ^ ^ 
S12>40 OV39 to FaAe» D a via>; by hydrogex^on of ^e^- 
5tme^S-ol-20^^ ^Klyne. /. ^Ch^&^h 

1500 0949): by hyeVoKcnaxion Of pregn-5-«lft-3fl t 2p^-moi: 
IQine; Nfiller, J. Chen? So* 1950, 1972. 

Leaflet* from ctbyl acetate + p«tr ether, mp 194>19S.y. 
T«V +4^t* <p =» 1.04 in chloroform)- 

1 Biac^ C^UoO,, needle* from ethyl J«* 

I^benaoaie, C^O^ crystals, mp 237.5-259*. W5* 
— 10.1* (e »• 2.08in^oroform). 



Grystalfl from mccbanol, « 9 -l« , ««ouain« 




10.29^ O I8.«2^b^ 
Reichstem, Jff«Iv. Cftr/rv -4cffl 21, 546 OH W. Jf-g^VS 

SoTof alio w*^H^£ ^{^5^*° 

osmium tetxoxidei Senw *r aL, Ber> 77* _ t r/ 

LeafleM from dilute methanol, mp 198-200'. Wff ^ 
(c = 1 in abt ethanoU 



^O^T-Trmcetaie, C^CS, rods feom^ethcr + peaiane, 

-— ' * a ""\.2 m <0 ' 



1 1.9 in acetone). 



mp 179-- l«M +53.: 
ffiwK^-priS« n-O^t^-hydroagm' 
kcon^D G ^ 

9 35S02U3%, IaSu from adr«al cortex: Masoned 
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Consult the Same Into* before tiling Oils section- 



AUopregnan-20^-ol'3-one 



/. UfeJl Chem. 124, 459 (1938); KiJteiao, Cartkad* ^do- 
crfno/w 24, 526 (1939); v. Euw, Rd^sten, tfeJ* CWm. 
,^a» 2S t 988 (1942)* v. Euw «* at. 41, 1516 alW8{. 
Prepn by hydrosenatlon of cordsol with rhodium: Caspj. 7. 
OrtTcHem. 24, 669 ^ rJ b ^^[ 1 ^f? 1 ^ xyhy<Jro " 
cortisone* Fukushima, Oaum. /Wi. 26, 520 (1961). 
Crystals ffomnVSihaBOl. rap 244-245'- C«1ff +59.T < c » 

^i«£SS?' C.H M 0 TI cryetato. dec 204-205'. Wff 
+73.8C; +90.rtdioxane). 

277. Allopwgnaiic^^Va.na^I-tctrol-M-one. 

te^ydiw-20-o?co^I««^^ Reichstcin** substance V. 
^^^01^^66.3^0 68.^ H 9-35%, O 21.83%. 
ISln^rom adreaal cortex: von E»w, Rdchatcm, ffeiv. 
Chim- 25, 988 U942) Prcpn ^^^«^f^ 
11,20-dIcoc: Charabcriln, Chcxncrda, 7. -4m. Qiem. ooc. 77, 
1221 (1955); by hydrogen^ an of Cortisol with rhodium: 
cZ&TStfi %S: 24 g , «9 (1959)5 fhmi Wj^^ 
oxybvdroeortisoDe: Fuku&mma, Davm, 2d, 520 

^Needles from dilute methanol, decomp 220*225*. [o]tf 
♦50.T (c » 0-B672 in dioxane). 

3.21-DuicctaTe, CuHmO* flat prisma from acctoi^cthcr. 
dooomp > 22^227*. = » dio^an*)- 

27$. AUopie^^-3j8,l7a,2Qa>triol. 5«-iYc§«anc- 
3fi47,20**riol; 35, 17.20«-tr^droxy^*^gDiWa| Rdch- 
s^n'iwIwtanceO. C^H M CSi mol wt 336.52. C 74.95%, H 
10.7*?** O 14,26%. Sold from adrenal ^tanteB tejger, 
Rrfchstfin, ^ CJ«m. ^ 21, 546 (1938). ^Picpj from 
aUopreftn-l6-oo-Sfl-ol-20-oncs Plattncr ataU ibid. 31. 2210 
^g^Julian «t ol, UA pa*. 2,662,904 (1953 tp OMdcn). 

Wlrfr from dil methanol, mp 222-223*. - 12.55* (c 
«= 1.195 in methanoO- 

3,20-Diacetate, C^Og, crystal* by sublimation, mp 
252*. -30.1* (o = 1.097 in acetone). 

279- AUopregnattC-3^,17a > 20^-trioL $ct*Pregnane- 
$B t I7aO^-triok 3d,l7.a^-trihydrtW-5a-pregnane; 17-C1- 
hydxo^cthyl^dro3tGiie-3,l7-dioI; Rdchjtcb^ aub^cc 
J Sh!a! mo! wt 336-52. C 74.95%. H 15.78%, O 
14.26& fSSn from adrenal cortex Reichstdn, £«7* Chim, 
Xcm 19, 1126 (lW6)i Staigcr, Raohstrfn, /W^ 21, 546 
(1938). Prcpn from 3i9Hxcetoxyl6ot.l7ei-o^ido-20-cxo«5- 
aUoprcgnane: Plattocrero^. ibid, 31, 2210<1948); Bnfc pat. 
665*254 [1952 vo Ciba* from 3^^oay-17^hydro^aUo. 
pfe£nnn-20-on« Ftikcihtma, Meyer, J. Org, Chem. 23, 174 
(1958) 

Rhomboid needles from dil acetone, mp 2)6-2 17\ Sub- 
limes In bi$h vacuum- Mff -7.9° (p - 1-77 in aba ale). 

3.20-Diaectate, CU.H^O*, crystals from peatane, mp 161- 
16T- (a)}? +24.6* (o =» 2.11 in neetooe). 

280- Allopreeaane-3^,l7a^l-triol-11^0-dione. 

oxy-tl,20^oxo-5a-pregnane; 17-(l-kcto-2-hydroxyethyD- 
andjoatane-3.17-diol-ll-oncj Kendall's oompaund O; 
Reicbstcin's substance D; Wmterateiner*a compound JB. 

mol wt 36*48. C 69.20%, H 8.85%, 6 21.95%. 
Scum m adrenal cortcij Kuirenga, Ortfand, ^**r{noU 
«y 24, 526 (1939); von EuW. Reiobstein, jffe/Kt Chim, Acta 
ST 988 <1942); 41* 1516 (195S). Ftepn by reduction of 
aTJoparagn anc-l7o>,23 -diol-3. l L20-triono Kauhnaan, Tata- 
ki. Exptrkntla 7, 260 (1931); from ^-preSnW-3^-11.20- 
dionaT Chamberim, Chcmerda, /. Am. Chetru S^C 77, 1221 

<l C^atals from abS alo. mp 258-242°. +61.8* (c = 

1-07 ra dioxane). . ^_ r . 

3,21-Diaoetatc. CaH^O,. crystals, mp 223-224. [« 
•K72.3 4 (dioxane). 

2J-7WA^n^X-/r«»ui»-2(>^n^ 3^ll5,21-tJihy^xy-20 ; 
oxo-Sct-pfagnanc; Reachstein's svbstonco R. ^H^; niol 
wt 350.50. C 71.$6%. H 9-78%, O 18.26%. Jsblation from 
adrenal glands* Reishstcin, von Euw, Hell Chim- Acta 21* 
1197 (193^ Reiohatein, ibitL 1490. Partial synthesis by 
hydro&cnatiOA of conicostcrone acetates PataW et al. J* 
BloL Chem. 195, 751 (1952). Prapn from 35 ( ll^dmydroAy- 
aUoetlocholaaic add: lardon, Rdchstem. Heh, Chun, Acta 



2Z6 

37, 443 (1954); from hydrocortisone: Martcera Cl Z, Am. 
Chem. 5oc . 77, 5669 (1955); from 3d,2!^Oj^oxy-17<20>. 
ollopreenenc + osmium wtroxide and tn «byh mlr^ oxido 
pcraddci Schneider, Hanze, U£, pat. 2,769^23 (1956 to 

C lSSeS from alo. mp 202-204'. W)p +11CT OrthanoO. 

3.21-Diacetatc, C^S^O^ oryatab j^om acetone + aflan 
mp 170-172*. (cUflBS' & « 1-38 m dioxane); l*3g +101 
(acetoacX 

282. AUonregimiie-3/i 1 17a > 21-trlQl-20-oiie, 
Trih^rar^a^gnan^^ 3a,l7.21^jgro^.20-oxO- 
5«-pre$naae; RdchsteiA's substaneo P. prFxP* m °* w { 
350.50. C 71.96%, H 9.78%, O 18.26%. IsolnSom adrenal 
glandsi Striker. Reichatcin, Betv, CWm. Acta 2%, 546 
5938); Rdohstem, Gaud, Ibid. 1185. PartW 
cholesterol: Reichatcin. vOn P-uw. ibtd> 24, 401 (194D. 
Prcpn from aHimrc«isan-35-ol;2CH»a: Roseokmnx ar al, J. 
Am. Chem. Sc£Ti 4081 (1950); froni 3^acct03£y-21- 
brO»o-l7«-hydroxy-2-oxoallopreanane: Kaufmann «r aL t 
U.S. pat. 2,596,862 (1952 to Syntc?0. 

Pmnted needles from abs «tool. deoomp 230-239*. IcOf? 
+48.CT (c ^» (X938 io aba ethanol). Freely sol m alcohol, 
acetone- Sparingly aol in ether, watef. 

3.21-Dlacetate, C«H^O ff crystals from, benzeda, mp 208* 
210*. {a]^ +41.5*^10roFormX 

283. Anoprcgnan-3a-ol-20«onB- 3ct-Hydrvx)h5**pr*g' 
nan*20*n*, 3^hydrOxy-^H>xo-^-P^nane; r^Uom- 
nan-3-ol-20-onc. C«lLO-l mol wt 31 8.5a C 79.19%. M 
to -76%. o 10 05%. isnln from pregnancy unite of women: 

V aUJ Ml 172, 263 (1948X Davia, PtoCs, ^eta 

LA)erin0i 21, 245 <1956). Prepn from pregnenolone; Flet- 
ScteSdt, / Chem. Soc 60, 79 (1938); Schwenk ef *L 
U^pat. 2,180.614 (1940 to Sobering by redaction Of allo- 
iff7«Aan^S20^one: Soloway et cU * Am. Chcm. Sbe. 75, 

23 Sy ( Som abs ale mp 176-178*. W fl +87.T ^bs ale). 

Acetate, C^H^O,. crystals from aq ethanol, mp 141-142 . 
[<xjg +94.r <abs ethanol). 




Cbnwft *h* Same Index before using this section. 



nanr20-on4i 

mol wt 316.$U fv.Lrsvi *a w •T"""^". — : — 

adrenal cortex: von Euw, ReichBtem, Helv, CMm. /IfflJ ^ 
885 (1941> from corpus luteum: ^tcnandU MfJ^^f- 
68, 1847 (1935)1 Prdog. Mdster. M Cftim. 32, 2435 
(1949); from Wan pregnancy Wine: ^berman** a L, J, 
Biat. Chem, 172, 263 (1943); from human placenta^ ?ewl- 
mZ. Cerceo, «W 194, 807 (1952). **eip» (rom ^m^i- 
A^nllopro$neft-3^H>i: Koechun, Rdchsieui. £4^ CWm. 
Xcffl 27, 549 (1944); from pregnenolone: Manccrn Cf ^ /. 
Org, Chem. 16, 192 (1950; PappaS, Nacc, J. Am. Chem. Sac. 
81?4556 (1959); by redo of ^^^.^^^jKft 
aodium boxohydrido: Mancera et aL ibid, 75, 1286 (1953J, 
ton^o^Sonc 20-cyclo^byicne Hctal: Scudhdmcr, Kh- 
bansky, Tetrahedron 5, 15 (1959). 
Plates from dil methanol, mp 194-195'. My +91,2 {c =* 

°" A^S^^Ha^V plates from methanols mp 144-146". 
ta© +69* (chlOTolomJ. 

285. Aliopregnan-20a-ol-3-one. 2<^-Jifyd>W-5«'- 
p«cn«f<-3-one; 20^hydroxy-3-oxO-5^esiianfc <^H M Oy 
St 318.50. C 79.19%. H 10.76%. O 10^5%, Prcpn 
Sam funtuinidmcj Janot et ol, fiull Sac Chim, Franca 

l9 Syia?s 5 ! mp 179*. Kb +36.6* (c =- 0-8 inJUoroform) 

Acetate, C«HttO v crystals from eihanol. mp 155. Md 
^24* (c =« 1.5 in chloroform). 

286, AllopxegmiD-20/5-ol-S-onc 20&-Hydroxy-S*-p**£- 

wi 318.30. C 79.19%, 10.76%, O 10.05%. YzcpA from 
allopreSnanc-3fl,20fl-dlol-3-acBtatc; Rubin el 
Chem!&a 73, 2338 (l951)l from isofuntmmdina Janot C* 
aL, Bull Soc. Chim, Fraiice I960, 1669. 
Crystals from heptane, mp 185". [a] 0 +2^ = ^ ^ 

^mS^CjOHmO*, crystals from ethanol, mp 148«. W» 
+ 5r (c = l-9in chloroform). 
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7304 



Prednisone 



195*^1260; Elks. Phillips, US. pat 2,936,313 (I960 to 

White powder. Sightly hygroscopic Stable .at room 
temp, [ajg +102.5*. uv max (methanol): 243 »m (Al* 
30BX Sol in water, methanol, ethanol. pH of 1% nq solo 
7.3 to 8-5- 

TKBRap CATS Glucocorticoid. 

THERAP CAT (V£T): OlUCOcOrticoid. 

. 7904. PrednSfione. 17 } U.tthydroxyprc S na.l,4-dien« 
3,12,20-trlone; I .4-pregnadiene*17«,2 1 -dlol-3, 1 1,20-trione; 
A>-dehydrocordsone; A^cordsone; deltacortlsonej delta E/ 
mctacortandracin; rerrocortinei NSC- 10023; Ancortone; 
Coluona; Cortaucyl; Dacortm; becortancyl; Dccortln; Del- 
eortin; Deltacortone; Deltasone; DeWsonj Di-Adresoaj Eo- 
oorton; Meticonenj Nurisoa; Orasone; Paracorti Prcd- 
ailongaj Pronlson; Rectoddt; Sone; Ultracorteu. C I1 H afi O s s 
mol wt 358.43. C 70.37% H 7.31% O 22.32%! Prcpn: 
pOUld. U-S. pat. 2,897,216 (1959 to Sobering). 

KSI^fSfeS^ pr ^ pilJ Nobile *' aL * Ch*™* S** ™t 

JMK < 1935 * NoWl«» U.S. pat. 2,837,404 and 3,134,718 
0958, 1964 both to Sobering* Heoog « ftimft«frwi 
( J 96 ^* Swrture; Hcraog <rf aJ, Science 121, 176 
(1955); Djcrassi et aL. VS, pat. 2,579,479 (1931 to Syn- 




Crystal*, dec 233-235". [a]* +172* (dtoxane). uv mWC 
(methanol): 238 am (< 15500). Very slightly sol in water. 
One gram dissolves in about 150 ml alcohol, In About 200 
ml chloroform. Slightly sol in methanol, dioaanc. 

21-Acetate, J»gH»Gfe Detta-Ceneton, ffe&eorHn. Crys- 
tals, dec 226-232*. Mj (diOxoue). nv max (cthanoUi 
238 nm (« 16100). 

THERaP CAT: Glucocorticoid- 

? MEftA, l 9** fV5T5; Adrenocortical steroid. Glucocorti- 
coid njiti -inflammatory. 

7915* Prednival. (im -ll,2l-Dihydroxy-l 7-Rl-oxopen- 
ty0oxy]pregna^l t 4-dlene^ KhUWG HSU 7M~tribydroXy 
pregna-l^-dlnu-SJO^Kon* 17 -valerate; prednisolone 17- 
W-4869. CjsH^ mol wt 444.57. C 70.24%, H 
° 21 * 5S ^ 0 ' P^PJ»J Vitoli, Ercoli, Tetrahedron Letters 
V mart) G *" li ' P "' 3 > lS2 * lS * < 1W4 w 




Crystala from aq methanol, mp 210-213*. [a] D +3-5» 
<dtosnne). 

21 , Acetate, C^H^O,, ActprCviiL 
the rap cat: Glucocorticoid. 

7906. Prednylidene. <iw-ll f i7 t 2i-Trikydroxy-i6- 
methy len ep regn a- 1,4 -ditm e^3 y 2 O^di on AMwpregnadta&e-l 6- 
methylene-l lM7<fc21-triol-3,20-dione; 16-metbylcno-l lp> 
]7oi2l*trihydroxypregna-l,Vdiens*3.20-dione; 16.mcthyl- 
eocprednisolone; r>acortilenj DecOrtUen; Sterocort. C^H»- 
0 5 | rnol wt 372,46, C 70.94%, H 7.5B%, O 21,48%. Prepm 
Mannhardt et ai, Tetrahedron JLenm no- 16, 21 <1960). 

21-dtetbylanunoacetatci idem et al, Ger. pot. 
l,X$4,074 (1962 to E. Merck), OA. 58, 56Ba (1963). 




21-DiethylaoUftOACe^lC hydrochloride, QaH^KO Ur* 
DxortiUn soluble. Solid, mp 245^246". W» +43" XLvS 
uv max (water): 246-247 mn CE}& 300). ™ £e * 

TKWtAPCAT: Ohicocordcoid. 

7907. Pregnane. ^Pregnane; IV^ethyUnoch^ 
CajH^ mol wt 288.52. C 87.42%, H 1X585&. Pr^pdbvS 
ducrion or edocholyl methyl ketone or of pTegnaaedfonT 
Bu«tt*adt, Ber. 64, 2529 <1931); Marker *l oTTaI 

SS2lfwftl93cO StC ^ Cr " RdcbEtBiai ***** 




Mosodinic scales. platcS from methanol; mp 83.5". d? 
1032. C«32? +2CP (c = 2 in chloroform). 

7908, PregnanedM. (3a^&20S)-Pr*Bnant-£2WM 
CaH^Oj; mol wt 32a52. C 78.709^ H U-32«v 0 9.9** 
A metabolite of progesterone, present in large amounts in 
p/egnancy urine. Isoln from pregnancy urine of women: 
Marrian. Biacfuwu / 23, 1090 (1929), Btttcanadt, Btr. 63, 
659 (1930); of Cows, marcs* and chimpanzees: Fish cttiL I 
Biol Chem. 143, 716 (1942). Prepn by reduction of pre$u* 
l6-cne-3^dioo<= Marker 44 al, U^. pat, 2^2^52 (1944 
TO Parke. Davis). Conversion to progesterone^ ButeniodX 
Schmidt. Ber, 67, 1893. 1901 (I934)T Conversion to 
hyoVoxyprtfinftn-20-one: Marker, pat. 2,213,377 (1940 
to Parke, Daria). Prepn of the 3-acetate: HuschmanD. /. 
Btol Chem. 140, 797 0941); Ralls et aL, ibid. 210, 7» 
(1954). Prepn or the 20-acetate: Kn^ehmann. Ioc- at 
Prepn of the diacemte: Johnson et at, X Chem, Sac 1PH 
1302. Crystal structure: Hanar, Norton, Acta Cryst 16, 707 
(1963). Review of metabolism, bioactivxty and assay daring 
pregnancy: P. J. Keller, Contrtb GytucoL Obstet. 2, 75-91 




Crystals from acetone or ethanal, mp 239". [aH? +27j4 ^ 
f ,0.7 in ale). Sparingly sol in organic solvents. No* 
capitated by digitonin. , 

mp 132% WJ%4? CCHClA 

20-Acctate, C^H^O,, 2^^eemx>j»/^nan-Jft-ot 
tala, mp 174". 



Pago 1326 



Consult the Name Index before using this section. 



3. MM I. /UUdll I : 4/1 



_ice{0tCi CpHusPv 3* i 20a-diacetoxypr*gnan& Crystals 
S «f£ P« w cumi nip 182- 

M£ + 35 = I-* CHCJ,). 



79U 



^.■;Bfc In msnuf of progesterone 

rfoV-ftfl*. WO-Fregnancdfone, (S0-Pr^)xane^2<Hlione. 
V^JUH mo3 3 . 16 - 48 / C 79 - 70 ^ H 10.195^ O 10.11%, 
&. *? f6 ai pregnancy vnne of marcs. Props from other steroids: 



& '$4i); paw. 

firV 



2,160,719; 2^5^SS2; 2,323,276; 2,229,- 




Freely sol 



'jfcfctdle* from dil ale, nip 123*. Insol in water. 
„;^"4hc ttsuel organic solvents. 
&Vfcjorimc, C^HkN^O^ dec above 250*. 

& 7 2P- Pregmin-3a.cl-20.ottc. VajpywydrxKjpns- 
i>0fi-2a-ojwy 3«-nvdrQxy.S^-prftgi5An-^0-OneJ pregnenolones 
^Undone; KABI 2213. CaiH^O*; mcl wt 318.50. C 
.79.1951. H 11X76$$, O 10.05%. VaturaUy ocourrinft metabo- 
1th of pro^asierone, o>v. Isoln from urine of pregnant 
& £ Marker, O. Kamra, J. Am Chcrn. Soc 59, 
1173 (1937); from bile of pregnant cows: W. ft. Pearlman. 
;<terceo, irfei Chim. 176, 847 (194©. Prepa: R. R 
^■tor etaLZAm* CASn. Soc 59, 1841 (1937); L Gycr- 
ftf eZ, / Med. Chenu 11, 117 (196B);T. L. Q. £-emofc J. 
McCbosncy, X Nat Prod. S3, JS2 (1990). Pharmacoki- 
and pharinaeodynamics: P. Cor! er ^eta Aw$* 
)ablScand. 38, 734 (1994). Comparative clinical cvalua- 
J Van Het ?"^ C5k » ^firtAfinolMy 80, 36 (1994); 
,g-EnkS$0n er ^cro AnaaitheiioL $aint$9, 479 (1995). 
Jf^ayp 8 ^ dfcctS in human*: J. W. Scar er at. /. Clin. 




from aq methanol, rap 148-148.5" CPearlroan, 
tytfS? 0 * reported as erysi from hcxanc, mp 13M32* 
KE^^S 4 ? 01 ™?^ Wp * 59 '< r to « 0.3 in chloroform). 
^il 108 - 5 5 1 % ? m«/1.2J ml abs eibanol). LD« 
5^ rat * W/kg): 66 ± 10, 27.5 ± 2.4 Lv. (Gyermelt)- 
Sf"*JWM» cat: Anesthetic Qocal). 9 

frc&Ji!**: 4t 3^egnene-2(^21-6Jol-3 F ll-d£<aie. 2Q,22j)Uiydr- 
>^)f*Pm-4-*n*3,ll-dlon«; Rechatem«$ substance T. C„- 
'VS&«*J** w * 346 ^ 7 - C 72.80ft, H 8.735S, O 18.47& 




Crystals, mp + W (acetone): 

Piacctotcr CaH^O^ cryskels, mp 212-213". 

4-Pregn«e-lip l t7c^)3,21.tetrol^-ono. lift- 
17 t 20A2J-T€£rahydmx,prt^n^ n -3'One; l7-(1.2-dihydroj(y. 
cthypandrosten-3-Onc-l 1, 17-dioI; Retchswin's substance E. 
CriH,pp mol wt 364.48. C 69-2054, H 8.85%, O 
Occiire m aArensJ 1 cortex. Isoln: Reichstein. HcIy. Chim. 
Aw 19, 29 (1936); 20, 933 (1937); Rdchstein, von Euw, 
ibid. 24, 247E (1941). 




Hydra^d crystals from dil acetone, dec 126". 
(ale). [M]p+3ir. uvmaxi 240 nm. 
n ?? l2l :S^f tmtt ******* dec 229-230'. [o]ff ^ 162.7*. 
[MJp *730* CaoctoncX * 

; 7i?13. 4-Ptegnene-17d(^0A2X-triol-3,ll-dioiie. f20iu- 
i ? i 2Q i 2I-Trthydrt>xypre^»4-cTio*3Jl-dion e; Rdchatan's sub- 

22-07%. Isoln from adf«nM glands; Retcbstan, von Euw. 
JSTent Otim. 24, 247E (1941). 




Clusters of needles from acetone + ether, mp 208-209". 

20,21-Diooeiate, C^H^O,. pointed needles from acetone 
J ether or chloroform + etheTi mp 253*. +178.5* (o — 
0.924 fai acetone), uv max (ale): 239 nm flog e 4.1). Less 
sol than the 20,2l-4iacetate of 4-prc$ncne-Ilj9,17a, 20,21- 
tetrol-3-one. 

7914. ^Pirermane-^a^iVl-triol^-one. (20HJ-17.- 
20,21.TfihphvxypTtgn'<*ri-3-<>n«: l7-(l^-dihydroxyethyl)- 
A<andrOStcn-3-on-17«-Ol; 17o-prcgn*netriol0ne. C^HsjO^ 
mol wt 348.48. C 72J89&. H 9^6%, O 18.363k PrcpdScm 
17-ethynyltestostcrone by bydrogenation .with paUadlum in 
pyridine, allylic rearrangement, and hydroxylation with 
osmium tetcoxldes Kusckoi Mullcr, Heh. Chim. Acta 22, 
755 (1939)] Logcmann, Naturwlss. 27, 196 (1939); from a 3- 
enol ester of a 17.21-dlacyloxyprogesrerone by reduction 
36 36ld £ y 9 ^ wlificatiom SwIas ** u 207*496 (1940), C.A. 
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7915 



Pregnenolone 



HO., 




Crystals From methanol, mp 



np 190". Sol in dioxaae, oblc 
reform, methanol. [a] Q +63* (c m 1 in dioxanc). uv 
240 un Go* c 4.1). 

20,21-Diacetate, CicH^O^ crystals from acetone + ether. 
Polymorphic; mp 170* and 194^ +125* (dionaic). Re- 
action with zinc In toluene yields I7.isc<ieaoxycorticostcronc 

aeetate- 

7915, Pregnenolone, (3fl)-3-Rydraxypngn*5w20-one; 
A'-pregnen«3£-ol-20-one; 1 7/3-fl ■ketoethyO-A*-aadrosten- 
30-oh CnHjjO*; mol vrt 316.48. C H 10.19%, O 

10-1 1%. Frepn from stlgmasterol: Butenandt et at, Ber. 67, 
1611 (1934); fcatenandt, Fleischer, .Bar. 70, 96 (1937); from 
andracenolone: H. Bntenandt, I. Schmldt-thome, £er. 72, 
182 (1939); S. Danishefsky al, X Org. Chen*. 40, 1989 
(197$); from AM-acctcayetiocholenfe add chloride: W«tt- 
stein, HgJy. Chim. Acuf 23, 1373 (1940); from di0S£min: 
Marker, Krucgcr, J. Am. Ckem. Soc 62, 3349 (1940); Mark- 
er et af„ 69, 2173 (1947),' from nologcnin: tide*, ibid. 
2395; by treating a 21-bala^A B -prcgncn-3-ol-20-one with & 
reducing agent: Swiss pat. 215,139 (Wl), OA- 42, 3144 
(1946). Crystal scnteturtj X Bordner et aL Qryst. Struct. 
Commun. 7, 513 (1978). 




Needles from dfl ale, mp 193". [a)$ +28* (ale). Very 
sparingly sol in water. Soly (g/100 ml of torn): carbon tet- 
rachloride 0.5; petr ether O.l; ethyl acetate 1.1; acetone 0.6; 
chloroform 17.0; ethaaol 1.97 benzene 0.9; iaopropanol 1.5. 
Soly (g/100 ml of solvent): propylene glycol 0,1) dioxane 
3.1; benzyl alcohol 8.1. On refluxing with methyl alcohol 
yields the 17-itOprcsncnolone, mp 172-173', fajg —140-$' 
(alcohol). 

Acetate. C^jH^O^ needles from alcohol, mp 149-1 31*. 
t-2y (alcohol). Soly (g/ 100 ml ol aoln): carbon tetra- 
chloride 5.0; petr ether 1.0; ethyl acetate 7.9; acetone 2.7; 
chloroform 55.0; ethanol 2,5; benzene 26.0; iaopropanol 2.0. 
Soly (g/100 ml of solvent): propylene glycol 0-1; dioxane 
20.2; benzyl alcohol 11.1; benzyl benzoate 9.1. 

Methyl ether, CM^O* crystals from abs or dil meth- 
anol, mp 123.5*. [3$ +18* (c « 1.085 in chlorofonn). 

7916. Frelog-Djerassl lactone* {2S-&«(S+)-3fl,3627' 
Tetnihydro^tS^imethyl^-ox^W-pyran^c^ acid; (+)- 
Prdoe-Djerassi lactoolc acid: 6-(l-carb0Xyethyl)-3 l 4 < 5 r &- 
tetrahydro>3,5-dimethyl-2-pyranone. CjqH,^; mol wt 
200.23. C 59.9S9&. K 8.0% O 31.967c fnterrncdiatc In the 
synthesis of macrollde antibiotics. Isoln as degradation pro- 
duct of narbomytin, q.v,: R. Anlikcr et al, Met* Chim, 
Acta 89, 1785 (1956); of methymydn. q.v.: C- Djeraasi, J. 
A- Zderic, J. Am* Cham. Soc 78, 6390 (1956). Abs config: 
R- W. RiekardS, R. M. Smith. Tetmhed^n Utters 1970, 
1025. Synthesis: P. A. Gricco ex al* X Am* Chem. Soc 101, 
4749 (1979); D. A. Evans, J. BartfOlL Teirahedixm Letters 
23, 807 (19B2). Synthesis of (*)-form; S. MasamUne CT al, 
X Am. Chcm, Soc- 97, 3512 (1975); C. SantelU-Rmivier et 
dU Tetrahedron Letters 35, 6l0l (1994). Review of stereo- 



selective syntheses: S. F. Martin, D. B. Gruinn. 
1991, 245. 



SwKfteja 



Crystals, rap 124-125*. {a^ +33* (c = 0.797 trj CHm 
7917, PrenalteroL ~" J ~ " ' ' 



onanist. Prepns K. A Jacggi et al, <3er. pat, 2.^Sf 
corresp to U.S. pats, 3,978,041 and 4,049,797 (1974 lS5t 
1977, all to Clba-Qe'gy). Pharmacologic study: £ Ca*£ 
SOn «f at, Arch. Pharmacol 300, 101 (1977). MetaboSm" 
hemodynamic effects, pharmacokinetics in man: O jSnT^ 
Swr. /. CUh. Pharmacol 17, 81 0980). Car^ovasoSS 
effects: D. H. Scott et aL Brit. X CWl Pharmacol TsS 
(1979). Clinical study in coronary heart disease: 1. Hmto« 
et aL BriL Heart X 43, 134 (1980). See also T. P. KeaaS? 
D. Beak, /. Pharmacol JE>tn 7%er. 213, 406 (1980) faT* 
discussion of the Belcodvity of action. Prepns of the raoamie 
mixture: Neth. par. AppJL 6^409,883 corresp to H. KfiDnTS 




posiumt ^era A fa f. ^edNil. wppj- 659. 1-325 (1982). 




Crystals from ethyl acetate, mp 127-128°. [ej|? —V ±n 
[a]E +2* *1' (p = 0.940 in methanol). 

Hydrochloride, Cj^NO*.^ H-HJSZz, CCP-7760B, 
{^)H~&Q/62 t Hyprtncoii Varbla.ru 

TKBRAP CAT: CardidtOmc. 

7918. Prenoxdilzine Hydrochloride, I-f2-[3-(2.2-Di- 
phenyleihvl) -2,2,4-mdiazQtt.ylJethyUpiperidinc mpnohy 
droehloridef 3^,/S^phenylcthyO»5-(fl^T^^noe<hyO-h2,» 
4-oxadia2ole hydrochloride; HK-256; Lfbexm; Lomapecc 
Tlbcain. CgH^ClN.O; mol wt 397.95. C 69^42%, H 7.093W 
a 6-91%. N 10.567* O 4.02%. Frepnt K. Harranyi *r el. 
pat. 151,743 (1964 to Chiaom). CA. 62, 1182U 
Phannacologyi L. Tardea, 1. fcrdfly, Arzmitnlttel* 
16, 617 <196|), StaTwliry study: £. Pandula et aL 
Acta Pham Kxrng. 38, 68 (1968). Review of pharmacology 
and clinical studies: KL- Hanjanyi et al. Boll Chim. Farm, 
112, 691 (1973). 



o 




• HO) 



Crystals from ethanol mp 192-193*. LD M in mica, 
(mg/kg): 920. >2000 oraljyj 34, 32 Lv. Clardos, Erdely)- 
THBHAP cat: Antttussive. 

7919. Prenylarnine. N'(l-Mtthyl^2-phenyttthy1)-t' 
phenylbenzeneprapanaminef S^S,3^iphcnylpropyl}^-meih' 
ytphcttcthylamhte; //-(3'-pbenyl-2' -propyl)-!, l-dipheayl-f 
propylamine; l-phenyl-2-[l', 1 '-dip&enyipropyI-3'-*mino> 
propane; B-436? Eleeor. Cj,H«N; mol wt 329.49. c 
87.49%, H 8.26%, N 4.25%. Prepn: O. Ehrhart cf cL Co- 
pat. 1,100,031, CA. 56, 3413h (1962) and Gcr. pat. 7,1^ 
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Ether 

From Wikipedia, the free encyclopedia 

Ether is a class of chemical compounds 
which contain an ether group — an oxygen 
atom connected to two (substituted) alkyl or 
aryl groups — of general formula R-O-RV 

t 1 ! A typical example is the solvent and 
anesthetic diethyl ether, commonly referred 
to simply as "ether" (ethoxyethane, CH 3 - 
CH 2 -0-CH 2 -CH 3 ). 

Contents 

■ 1 Physical properties 

■ 2 Nomenclature 

■ 3 Similar structures 

■ 4 Primary, secondary, and tertiary ethers 

■ 5 Polyethers 

■ 6 Organic reactions 

■ 6.1 Synthesis 

■ 6.2 Reactions 

■ 7 Important ethers 

■ 8 See also 

■ 9 References 

■ 10 External links 



Physical properties 

Ether molecules cannot form hydrogen bonds among each other, resulting • 
in a relatively low boiling point comparable to that of the analogous 
alcohols. However, the differences in the boiling points of the ethers and 
their isometric alcohols become smaller as the carbon chains become 
longer, as the hydrophobic nature of the carbon chain becomes more 
predominant over the presence of hydrogen bonding. 

Ethers are slightly polar as the R - C - O - C - Z bond angle in the 
functional group is about 110 degrees, and the C - O dipole does cancel 
out. Ethers are more polar than alkenes but not as polar as alcohols, esters 
or amides of comparable structure. However, the presence of two lone 
pairs of electrons on the oxygen atoms makes hydrogen bonding with 
water molecules possible, causing the solubility of alcohols (for instance, 
butan-l-ol) and ethers (ethoxyethane) to be quite dissimilar. 



/Ox 



The general structure for 
an ether 
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Cyclic ethers such as tetrahydrofuran and 1,4-dioxane are totally miscible 
in water because of the more exposed oxygen atom for hydrogen bonding 
as compared to aliphatic ethers. 

Ethers can act as Lewis bases. For instance, diethyl ether forms a complex 
with boron compounds, such as boron trifluoride diethyl etherate 

(BFvOEtA Ethers also coordinate to magnesium in Grignard reagents 
(RMgBr) 

Nomenclature 

In the IUPAC nomenclature system, ethers are named using the general 
formula "alkoxyalkane", for example CH 3 -CH 2 -0-CH 3 is methoxy ethane. 
If the ether is part of a more complex molecule, it is described as an 
alkoxy substituent, so -OCH 3 would be considered a "methoxy-" group. 
The simpler alkyl radical is written in front, so CH 3 -0-CH 2 CH 3 would be 
given as methoxy <CH 3 )ef/*tf«e(CH 2 CH 3 ). The nomenclature of describing 
the two alkyl groups and appending "ether", e.g. "ethyl methyl ether" in 
the example above, is a trivial usage. 

Similar structures 

Ethers are not to be confused with the 
following classes of compounds with the 
same general structure R-O-R. 

■ Aromatic compounds like furan 
where the oxygen is part of the 
aromatic system. 

■ Compounds where one of the carbon 
atoms next to the oxygen is 
connected to oxygen, nitrogen, or 
sulfur: 

■ Esters R-C(O)-0-R 

■ Acetals R-CH(-0-R)-0-R 

■ Aminals R-CH(-NH-R)-0-R 

■ Anhydrides R-C(=0)-0-C 
(O)-R 

Primary, secondary, and 
tertiary ethers 

The terms "primary ether", "secondary 




O O 
^JU Jl^ Anhydride 

Not al 1 compounds of the 
formula R-O-R are ethers. 
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ether", and "tertiary ether" axe occasionally 

used and refer to the carbon atom next to the ether oxygen. In a primary 
ether this carbon is connected to only one other carbon as in diethyl ether 
CH 3 -CH 2 -0-CH 2 -CH 3 . An example of a secondary ether is diisopropyl 
ether (CH 3 ) 2 CH-0-CH(CH 3 ) 2 and that of a tertiary ether is di-tert-butyl 
ether (CH 3 ) 3 C-0-C(CH 3 ) 3 . 

>k 0 Jk 

Dimethyl ether, a primary, a secondary, and a tertiary ether, 

Polyethers 

Polyethers are compounds with more than one ether group. While the 
term generally refers to polymers like polyethylene glycol and 
polypropylene glycol, low molecular compounds such as the crown ethers 
may sometimes be included. 

Organic reactions 

Synthesis 

Ethers can be prepared in the laboratory in several different ways. 
■ Intermolecular Dehydration of alcohols: 
R-OH + R-OH -> R-O-R + H 2 0 

This direct reaction requires drastic conditions (heating to 140 
degrees Celsius and an acid catalyst, usually concentrated sulfuric 
acid). Effective for making symmetrical ethers, but not as useful for 
synthesising asymmetrical ethers because the reaction will yield a 
mixture of ethers, making it usually not applicable: 

3R-OH + 3R*-OH -> R-O-R + R'-O-R + R'-O-R' + 3H 2 0 

Conditions must also be controlled to avoid overheating to 170 
degrees which will cause intramolecular dehydration,a reaction that 
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yields alkenes. In addition, the alcohol must be in excess. 

R-CH 2 -CH 2 (OH) -> R-CH=CH 2 + H 2 0 

Such conditions can destroy the delicate structures of some 
functional groups. There exist several milder methods to produce 
ethers. 

■ Nucleophilic displacement of alkyl halides by alkoxides 
R-0- + R-X-»R-0-R + X' 

This reaction is called the Williamson ether synthesis. It involves 
treatment of a parent alcohol with a strong base to form the 
alkoxide anion followed by addition of an appropriate aliphatic 
compound bearing a suitable leaving group (R-X). Suitable leaving 
groups (X) include iodide, bromide, or sulfonates. This method 
does not work if R is aromatic like in bromobenzene (Br-C 6 H 5 ), 
however, if the leaving group is separated by at least one carbon 
from the benzene, the reaction should proceed (as in Br-CH 2 - 
C 6 H 5 ). Likewise, this method only gives the best yields for primary 
carbons, as secondary and tertiary carbons will undergo E2 
elimination on exposure to the basic alkoxide anion used in the 
reaction due to steric hindrance from the large alkyl groups. Aryl 
ethers can be prepared in the Ullmann condensation. 

■ Nucleophilic Displacement of Alkyl halides by phenoxides 

The R-X cannot be used to react with the alcohol. However, 
phenols can be used to replace the alcohol, while maintaining the 
alkyl halide. Since phenols are acidic, they readily react with a 
strong base like sodium hydroxide to form phenoxide ions. The 
phenoxide ion will then substitute the -X group in the alkyl halide, 
forming an ether with an aryl group attached to it in a reaction with 
an SN2 mechanism. 

HO-C 6 H 5 + OH' -> 0"-C 6 H 5 

0--C 6 H 5 + R-X — R-0-C 6 H 5 

■ Electrophilic addition of alcohols to alkenes. 

R 2 C=CR 2 + R-OH -> R 2 CH-C(-0-R)-R 2 
Acid catalysis is required for this reaction. Often, Mercury 
trifluoroacetate (Hg(OCOCF 3 ) 2 is used as a catalyst for the 
reaction, creating an ether with Markovnikov regiochemistry. 
Tetrahydropyranyl ethers are used as protective groups for alcohols. 
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Cyclic ethers which are also known as epoxides can be prepared: 

■ By the oxidation of alkenes with a peroxyacid such as m-CPBA. 

■ By the base intramolecular nuclephilic substitution of a halohydrin. 

Reactions 



Ethers in general are of very low 
chemical reactivity. Organic 
reactions are: 

■ Hydrolysis. 

Ethers are hydrolyzed only 
under drastic conditions like 
heating with boron tribromide 







-O^O-OH 
n 


Structure of the polymeric diethyl 
ether peroxide 



or boiling in hydrobromic acid. Lower mineral acids containing a 
halogen, such as hydrochloric acid will cleave ethers, but very 
slowly. Hydrobromic acid and hydroiodic acid are the only two that 
do so at an appreciable rate. Certain aryl ethers can be cleaved by 
aluminium chloride. 

Nucleophilic displacement. 

Epoxides, or cyclic ethers in three-membered rings, are highly 
susceptible to nucleophilic attack and are reactive in this fashion. 

Peroxide formation. 



Primary and secondary ethers with a CH group next to the ether 
oxygen easily form highly explosive organic peroxides (e.g. diethyl 
ether peroxide) in the presence of oxygen, light, and metal and 
aldehyde impurities. For this reason ethers like diethyl ether and 
THF are usually avoided as solvents in industrial processes 

Important ethers 



V7 

0 


Ethylene oxide 


The smallest 
cyclic ether. 




Dimethyl ether 


An aerosol spray 
propellant. 




Diethyl ether 


A common low 
boiling solvent 
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(b.p. 34.6°C). 




Dimethoxyethane 
(DME) 


A high boiling 
solvent (b.p. 85° 

c): . 


> 




Dioxane 


A cyclic ether 
and high boiling 
solvent (b.p. 
101. 1°C). . - 


o - 

(7 


Tetrahydrofuran 
(THF) 


A cyclic ether, 
one of the most 
polar simple 
ethers that is 
used as a solvent. 




a. 


(methoxybenzene) 


Ari aryl ether 

and a major 
constituent of the 
essential oil of 
anise seed: 












0 o 


Crown ethers 


Cyclic poly ethers 
that are useH as 
phase transfer 

' 'A 1 A. 

catalysts. 




Polyethylene 
glycol (PEG) 


A linear 
polyether, e.g. 
used in 
cosmetics: 



See also 
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■ Functional group 

■ Methoxy 

■ Petroleum ether, not an ether but a low boiling alkane mixture. 

■ Thioether, analogs of ethers with the oxygen replaced by sulfur. 

■ Luminiferous ether 

References 

1. A International Union of Pure and Applied Chemistry, "ethers 11 . 
Compendium of Chemical Terminology Internet edition. 

External links 

■ ILPI page about ethers. 

■ An Account of the Extraordinary Medicinal Fluid, called Aether, by 
M. Turner, circa 1788, from Project Gutenberg 
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Activity of 3-methoxy-pregnenolone on progesterone receptor 

The capacity of 3-methoxy-pregnenolone to display progesterone activity, and thus to be 
considered as a progestin, was tested by assaying the activity of 3-methoxy-pregnenolone on 
progesterone receptor. 

Indeed, progesterone is an agonist of progesterone receptor, as are all progestins. In contrast, 
compounds able to inhibit progesterone activity on its receptor are called progesterone 
receptor antagonists. 

Methods 

The main experimental setting used is the following: HEK293T cells were transiently 
transfected, using calcium phosphate precipitation technology, with expression vectors 
pSG5hPR (which permits expression of human progesterone receptor(PR)), pFC31-luc 
(contains the luciferase gene under the control of the MMTV promoter, which is in turn 
activated by binding of a progestin to progesterone receptor) and pcbetagal (which permits 
expression of betagalactosidase), and cultured during 24 hours with increasing amounts of 
various compositions: 

1. Test of progesterone receptor agonist activity: transfected cells were cultured with 
increasing amounts of progesterone or 3-methoxy-pregnenolone 

With this setting, a compound with progesterone receptor agonist activity permits a 
transactivation activity resulting in the expression of luciferase (since the binding of a 
progestin to PR results in activation of the MMTV promoter, which directs the 
expression of luciferase). 

In contrast, a compound without progesterone receptor agonist activity does not permit 
a transactivation activity and luciferase is not expressed (since PR is not activated and 
thus does not activate the MMTV promoter); 

2. Test of progesterone receptor agonist activity: transfected cells were cultured with 
progesterone (1 nM) and increasing amounts of RU486 (a well-known progesterone 
receptor antagonist) or 3-methoxy-pregnenolone. 

With this setting, a compound with progesterone receptor antagonist activity competes 
with progesterone for the occupation of progesterone receptor and results in a 
progressive loss of transactivation activity when the amount of this compound is 
increased compared to progesterone. 

Results 

The results obtained with experimental setting 1 (test of progesterone receptor agonist 
activity) are displayed in following Figure 1. 



Agonist activity 




0 i 1 1 1 1 1 

1 1 10 9 8 7 6 



-tog [steroid] (M) 
Figure 1. Test of progesterone receptor agonist activity 

Figure 1 clearly shows that, contrary to progesterone, which permits a transactivation activity 
leading to the expression of luciferase, 3-methoxy-pregnenolone does not permit such a 
transactivation activity, even at the highest tested concentrations, thus demonstrating that 3- 
methoxy-pregnenolone does not have progesterone receptor agonist activity, and cannot thus 
be considered as a progestin. 

The results obtained with experimental setting 2 (test of progesterone receptor antagonist 
activity) are displayed in following Figure 2. 



Antagonist activity 




1110 9 6 7 6 5 

•Log [steroid] (M) 
Figure 2. Test of progesterone receptor antagonist activity 

These results unambiguously show that even if 3-methoxy-pregnenolone does not have the 
very high antagonist activity of RU486, it is a weak progesterone receptor antagonist. 
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Review 

Application of (quantitative) structure-activity relationships to progestagens: 
from serendipity to structure-based design 
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Abstract - Progestagens are drugs, which are widely used in hormonal contraception and in hormone-replacement therapy. Since the natural 
hormone, progesterone, lacks oral activity, much effort has been devoted to finding analogues with improved oral activity and, preferably, 
higher potency and selectivity. A crystal structure of the hormone binding domain (HBD) region of the progesterone receptor (PR) could only 
be obtained recently. For more than forty years the process of designing new progestagens could therefore only be guided by the knowledge 
of the structure of the ligand and its corresponding in vitro/in vivo activities. While in early days chemical intuition and simple statistics 
(structure-activity relationship - SAR) were leading the drug design process, in later days more complex statistics and visualization tools have 
become routinely part of quantitative structure-activity relationship (QSAR) studies. The present review aims to provide a general overview 
of the strategies, efforts and achievements of synthetic and computational chemists in more than forty years of development of progestagens. 
© 2000 Editions scicntifiques et medicates Elsevier SAS v * * 
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1. Historical introduction 

Early in the 20th century it was found that the corpus 
Iuteum in mammals is required for the nidation of 
fertilized eggs and for maintenance of pregnancy. The 
compound responsible for this effect was found to be a 
steroid hormone for which, in 1935, the now generally 
accepted name progesterone (1) was proposed. Much 
interest in progesterone was generated by its ability to 
inhibit ovulation in rats, rabbits and guinea-pigs. This 
observation ultimately led to the discovery of the contra- 
ceptive pill ('The Kir), which is generally attributed to 
the American biologist Pincus (1903-1967). Since proges- 
terone itself has poor drug properties, much research has 
been devoted to the discovery of progesterone mimics 
(progestagens, alternatively called progestins or progesto- 
gens) with improved oral bioavailibility and potency. 
Over the years several highly orally active progestagens 
have been discovered, leading to widespread use of these 

* Correspondence and reprints: 
r.buma@organon.oss.akzonobel.nl 



hormones in contraception, but also in HRT (hormone 
replacement therapy), in treatment of certain cancers, in 
gynaecological disorders, etc. 

Because of their limited amount of flexibility, proge- 
stagens, as steroids in general, have always represented 
an optimal target for structural activity relationship stud- 
ies. It is therefore not surprising that the rational design of 
these compounds has evolved from sheer trial and error to 
various levels of sophistication. In this paper the various 
SAR approaches which have been applied to proge- 
stagens are reviewed. 

2. From the origin till the end of the eighties 

2.1. Laying the foundations 

While progesterone originally was a scarce and very 
expensive compound, it became readily available in the 
1940s after the pioneering work by Marker on the 
production of steroid hormones from sapogenins. A 
serious drawback of the natural hormone, however, is its 
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poor bioavailibility on oral administration due to rapid 
metabolism in the liver: over 99% of the orally adminis- 
tered dose is metabolized in the liver before it reaches the 
general circulation. The primary goal of the research on 
new progestagens was therefore to design orally active 
compounds. Prior to the development of in vitro assays in 
the 1970s the design of new progestagens was guided by 
in vivo progestagens activity. Many different tests have 
been employed for this purpose, which often makes direct 
comparison of the potency of compounds tested by 
different research groups difficult. A reliable and widely 
accepted test for progestagenic activity is the McPhail 
test in oestrogen primed immature rabbits. In this test the 
proliferation of the endometrium is checked upon proge- 
stagenic treatment. After a few days of such treatment the 
differentiation of the endometrium is analysed by autopsy 
and scored from 0-4, depending on the strength of the 
effect (progestagenic potency) observed. 

Early research benefited from the application of new 
synthetic methods in steroid chemistry as well as from 
insight in the metabolism of progesterone. The first factor 
is responsible for the serendipitous discovery of ethister- 
one (2) in 1938 by Inhoffen [1J. This compound unex- 
pectedly turned out to possess oral progestagenic activity, 
but its practical use was limited due to its androgenic 
activity. Nevertheless, the finding that the combination of 
a 17a-ethinyl and a 17p-hydroxyl group appears to 
mimic the 170-acetyl group of progesterone and confers 
a measure of metabolic stability on the steroid has made 
ethisterone the prototype for a very large family of 
progestagens. Thus, the 19-nor derivative, norethisterone 
or norethindrone (3), reported in 1954 by Djerassi [2], 
turned out to be a much more potent and selective 
progestagen, which is still in use today. The !9-nor-18- 
homo derivative of 2 was reported in 1964 by Smith [3] 
and turned out to be even more potent. The natural 
enantiomer, known as levonorgestrel (4), is still widely 
used today. 



This knowledge allowed the rational design of orally 
active analogues of progesterone; fee 20-keto group 
could be protected by additional substituents in close 
proximity, e.g. at C-17 (acyl, alky], halogen), C-16 (alkyl, 
cycloalkyl) and C-21 (OH, alkyl, halogen). Similarly 
reduction of the A-ring is slowed down by substituents at 
C-6 (methyl, halogen) and by extending the enone with 
an additional double bond. Examples are 17a- 
acetoxyprogesterone (5) [4], medroxyprogesterone ac- 
etate (6) [5], megestrol acetate (7) [6], chlormadinone 
acetate (7], and cyproterone acetate [8]. 




Oral activity was also improved by inversion of the 
stereochemistry at C-9 and C-10, resulting in so called 
retrosteroids such as dydrogesterone [9]. Apart from 
improved oral bioavailibility, these compounds turned 
out, in many cases, to have higher intrinsic progestational 
activity in comparison to progesterone as well. Further 
orally active progestagens discovered were acetals de- 
rived from 16a, 17a-dihydroxyprogesterone (algestone), 
such as the acetophenide 8 [10], and from 14a, 17a- 
dihydroxyprogesterone, such as proligestone 9 [11]. Also 
lynestrenol (10), the 3-desoxoderivative of norethisterone 
turned out to be an orally active progestagen [12] due to 
metabolic conversion into 3. 
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The metabolic degradation of progesterone was shown 
to involve primarily reduction of the 20-keto group and 
the 4,5-double bond, followed by reduction of the 3-keto 
group. 



In 1968 over 20 progestagens had found practical use 
and several hundreds more had been tested. TTie data have 
been compiled comprehensively by Neumann [13]. 

These data provided a sound basis for SAR studies in 
later decades. Some qualitative conclusions, with regard 
to SAR that could be drawn were: I) hydrogen bond 
accepting substituents at C-3 and C-17 are required; 2) 
very polar substituents are unfavourable at almost all 
other positions; 3) small lipophilic substituents are al- 
lowed in many positions and often favourable; 4) large 
substituents are allowed underneath the steroid D-ring, 
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suggesting the presence of a sizeable pocket in the, at the 
time putative, progesterone receptor. 

It should be noted that up to this point the SAR studies 
were based on in vivo activities, which were not only 
dependent on the intrinsic activities of the compounds 
being studied, but also on metabolic stability and phar- 
macokinetic properties. Therefore, the SAR relationships 
found were actually describing a combination of proper- 
ties rather than a single molecular characteristic. This was 
changed in the early 1970s when it was discovered that 
certain tissues contain a protein that binds progesterone 
with high affinity and was subsequently identified as the 
progesterone receptor. This discovery made it possible to 
determine the receptor binding affinity of many steroids 
via a relatively fast and easy in vitro assay [14-20]. In 
most cases binding affinities were determined by compe- 
tition with progesterone, promegestone (R 5020) (11) or 
Org 2058 (12) and reported as percentages relative to the 
reference compound. 

For many steroids the receptor binding data have been 
tabulated in graphical [17] ornumerical form [16, 21, 22]. 




11 12 



2.2. SAR methods 

The idea of exploring the relationship between molecu- 
lar structure and physical chemical properties was first 
introduced in 1935 by Hammett [23] and further devel- 
oped by'Hansch and Fujita [24] in 1964. By introducing 
the substituent constant ji {octanol/water partition coef- 
ficient) in Hammett's equation they paved the way for the 
use of physical-chemical parameters (lipophilicity jc, the 
Taft parameters Es and a, etc.) for the prediction of 
biological activities. This type of analysis (parameters Jt, 
Es f o, etc. in combination with a multiple linear regres- 
sion technique) became rapidly famous as the Hansch 
analysis and it played a pivotal role in (Q)S AR studies for 
decades. In the same year, Free and Wilson [25] pub- 
lished a mathematical model based on the additive 
contribution of the individual fragments present into the 
molecule to the corresponding activity. This approach, 



the Free-Wilson approach, was applied with reasonable 
success to congeneric data sets through the years as well. 

At the same time that these SAR techniques were 
developed, steroids were synthesized in large numbers 
and tested. Because of their limited flexibility and great 
chemical diversity, these compounds became an immedi- 
ate target for SAR studies. A sudden urgency to come to 
the molecular descriptors or physical-chemical param- 
eters, which would describe their activities, rapidly de- 
veloped. 

As a consequence, a debate soon arose. In 1973, 
Teutsch and Shapiro [26] published a work on a series of 
A6-6-substituted progestagens where they emphasized 
the importance of the steric influence of substituents on 
their activities. One year later, Wolff and Hansch [27] 
criticized their work by showing that by means of the 
multiparameter regression technique applied to a set of 1 3 
steroids the hydrophobic and the electron withdrawing 
descriptors were the best descriptors. 

In answer to Hansch, Topliss and Shapiro [28] showed 
that Hansch analysis was biased by the omission of one 
outlier and that if the whole original dataset of 14 steroids 
was considered a two-term equation including hydropho- 
bic and steric effects would best describe the activities. 
He same year, 1975, Wolff, Hansch, Kollman and Duax 
[29] repeated the same analysis on another dataset of 9a 
glucocorticoids and progestagens and showed that their 
activities were best described by a combination of hydro- 
phobicity and molar refractivity parameters. 

One year later, Coburn and Solo [30] criticized again 
the original work of Wolff and Hansch on A6-6-substituted 
progestagens by repeating the analysis with hydrophobic, 
electronic and many steric parameters. The conclusion 
was that steric parameters are important for the descrip- 
tion of steroidal activities. 

In 1977, Lee et al. [31] performed a step-wise linear 
regression analysis on die binding affinities to the proges- 
terone receptor of a set of 55 progestagens where they 
showed how strongly the molecular surface area is 
correlated with hydrophobicity in this class of com- 
pounds. 

This debate was not conclusive with respect to the best 
(combination of) descriptor(s) to be used for steroids in 
SAR studies, but (a posteriori) it reflects the amount of 
attention that this new class of compounds was receiving. 

Methods other than Hansch and Free-Wilson analyses 
such as pattern recognition methods were also applied 
[32]. Moriguchi applied the Adaptive Least-Squares 
(ALS) and the Linear Discriminant Analysis (LDA) 
methods to rank with moderate success several datasets 
of compounds (among which steroids). These methods 
turned out to be most useful when potencies are ordered 
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in an ordinal (sequential) scale or when the activity is 
given by the kind of action. 

2.5. Crystal structures 

and steroid binding mechanism models 

While the 'A6-6-substituted progestagens' debate was 
progressing, a large number of crystal structures of 
steroids were determined with the objective of elucidat- 
ing the working mechanisms of these compounds. The 
first attempts to rationalize the A, B, C and D rings 
puckering and strain energies in terms of the substituent 
or saturation present in the steroidal skeleton were 
performed with little success. The work of Altona [33, 
34] may serve as a typical example. Some time later, 
Duax, not satisfied with Altona's results, decided to 
approach the problem statistically by analysing A and D 
ring puckering as a function of substituents in large data 
sets of crystal structures. 

Duax theory on the working mechanism of steroids 
started to develop from these studies [35-38]. In his view, 
subtle conformational changes in the steroidal skeleton 
were determining the biological activities of these com- 
pounds and upon binding all steroids would assume the 
same 'active' conformation. Further, the A ring (and the 
substituent on position 3 on it) would determine the 
binding of the steroid to the receptor, while the D ring 
would determine its function (agonistic and antagonist 
activity). This was first concluded from the observation 
that most chemical and structural variation, on average, is 
present on the D ring, while only few possibilities for 
binding are present on the A ring. TTie D ring would 
therefore induce the allosteric form of the receptor. 
Contact of the D ring with a base pair in DNA for 
activation and transcription factors was also considered. 

While Duax was persisting in his vision on the working 
mechanisms of steroids, other ideas contrasting with such 
vision and supporting the 'induced-fit moder started to 
develop. The work of Zeelen [39, 40] is one example. 
From his and other QSAR studies, Zeelen concluded that 
there is not one specific conformation of the rings in 
steroids that corresponds to the 'active* conformation. 
Depending on substituent(s) and/or saturation^) present 
on the skeleton the steroid will adopt a conformation, 
which will be adapted (induced-fit) in the binding cavity 
of the receptor. In other words, steroids will not adopt 
upon binding the same 'binding' conformation, but the 
substituents and/or structural modifications present on the 
steroidal skeleton will determine their conformations. 
Such conformations will be accommodated in the binding 
cavity through a synergistic fit between ligand and 
receptor. Through the years, many studies (from the work 



of Bohl and Kaufmann [41, 42] till recently the work of 
Broess and Groen [43, 44]) strongly supported the 
induced-fit model. 

11-Substituted steroids form a case in point It was 
found that lip-substitution (alkyl, halogen) in many 
cases leads to greatly enhanced progestational activity. 
Also short 11-alkylidene substituents, e.g. a methylene 
group, give a major increase in activity, but not an 
lla-substituent [45]. This led to the development of 
several highly active progestagens, which have found 
widespread use, i.e. norgestomet (14) in veterinary medi- 
cine, etonogestrel (15) for contraception via non-oral 
routes and desogestrel (16) for oral contraception. 




13 14 1SR-0 

It was found by X-ray crystallography that the steroid 
skeleton in 13 (R = alkyl, halogen) is curved downward 
markedly in comparison with the parent compound. This 
bending of the steroid is obviously due to the repulsion 
between the lip substituent and the angular methyl group 
at C-13. It was speculated that this bending put the 3-keto 
group in a more favourable position for binding to the 
progesterone receptor. However, recently norethisterone 
derivatives 17 and 18 were synthesized, which are 
bridged analogues of 13, and they were found to be 
equally potent progestagens, in spite of the fact that the 
bridge caused a curvature in the 'wrong* upward direc- 
tion. 






[ OH 
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2.4. Molecular mechanics calculations 
and l3 Ochemical shifts 

While crystal structures of steroids were determined, 
Allinger [46] was testing his first versions of the MM 
force field on them. Structural factors (bond lengths, 
angles and dihedral angles) as well as reaction rates for 
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congeneric series were calculated with MM and com- 
pared with the corresponding experimental data. 

Allinger's attempt to obtain correct in silico structures 
of steroids could not pass unobserved. Duax [37, 38] 
performed an extended analysis on conformer popula- 
tions of steroids from crystal structures and MM calcu- 
lations. His conclusions were that crystal structures 
outperform MM calculations because MM yielded cor- 
rect bond distances and angles, but deviated as much as 
50° from the crystal structure in the estimate of the 
dihedral angles. Relative energies of compounds turned 
out to be off by at least a factor of 10. Duax concluded 
that the program of AlJinger, MM2p, needed improve- 
ment and that the information taken from crystallography 
could help that process. 

The work of Allinger was a breakthrough. Schneider 
and Gschwendtner [47-49] performed several MM cal- 
culations on steroids in order to come to a better 
understanding of the substituent effects on the different 
rings of the steroidal skeleton and more specifically of the 
polar and steric through-bond transmission change mecha- 
nisms. In these investigations they often combined the 
MM calculations with the l3 C-NMR chemical shifts of 
the steroidal skeletons. In this sense, the work of Wray 
[50] in 1981 had been inspirational. In his study on a 
small congeneric set of progestagens, Wray empirically 
investigated the effect of substituents on the "Ochemical 
shifts of the steroidal skeletons. He found a consistency in 
shifts for the same substituents. One year later, Schneider 
and Gschwendtner applied the same approach to larger 
data sets and their conclusion supported the usefulness of 
I3 C-NMR measurements in detecting small changes in 
geometries and electron densities in steroids. 

Hoppen and Hammann [51] unsuccessfully tried to 
correlate the PR and AR binding affinities of a set of eight 
progestagen derivatives of norethisterone with their cor- 
responding l3 C-NMR chemical shifts. This result is not 
surprising considering the limited amount of compounds 
analysed and the empirical approach followed. 

Despite the pioneering work of Hall and Sanders in 
1980 [52], who published the first conformational X H- 
NMR study on steroids, at this point in time the relatively 
simple interpretability of 13 C-NMR shifts was preferred 
to the more complex l H-NMR shifts in SAR studies. 

2.5. PR receptor mapping 

The ultimate objective of every (Q)SAR study is not 
only limited to the identification of correlations between 
structure and activity, but it is also extended to the 
mapping of the active site of the studied target. A 
significant impact on these studies was provided by the 



discovery of progesterone antagonists. Unlike antagonists 
for, e.g., the oestrogen and androgen receptors, antago- 
nists for the progesterone receptor have remained un- 
known for a very long time. It was only in 1982 that 
Roussel Uclaf reported the first high affinity antagonists. 
The prototype for this class of compounds is RU 486 or 
mifepristone (19), which, however, is also a very potent 
glucocorticoid antagonist Since the mixed profile of RU 
486 was considered a drawback for certain therapeutic 
applications, much research was devoted to find more 
selective anti-progestagens. Some examples are 20-23 
[53, 54]. 




22 » 



First attempts to map the progesterone receptor were 
performed by Dore [55], Ojasoo [56] and Zeelen [57] in 
the late eighties. Dore performed a correspondence analy- 
sis on the selectivity of a set of steroids with respect to 
four different nuclear receptors (AR, PR, ER and GR). By 
projection of the principal components, receptor maps 
were obtained. In Ojasoo 's study, the authors tried to map 
the PR and AR receptors by looking at the crystal 
structures of chemically different progestins and andro- 
gens and at their corresponding receptors. They came to 
the conclusion that space is present in both receptors 
around the 3-keto, lip, 7a and, in PR, C21 positions. 
Hydrophobic pockets are distributed around them all. At 
the time that this paper was written, several receptors 
(ER, GR and PR) were cloned and sequenced. In Zeelen's 
receptor mapping study of PR it was concluded that a 
large hydrophobic pocket is present under the D ring and 
that possible structural modifications of the steroidal 
skeleton should take place under the D ring. 
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3. From the late 1980s till now 



In the 1980s, major advances were made in character- 
izing the progesterone receptor, the biological target for 
progestagens. Modern biotechnology enabled the cDNA 
cloning of all steroid hormone receptors, including the 
progesterone receptor. The human progesterone receptor 
was found to occur in two forms, the full-length receptor, 
PR B, consists of 933 amino acids, while the truncated 
version, PR A, consists of 769 amino acids [58]. From 
then on the knowledge of steroid hormone action on a 
molecular level has dramatically increased [59]. Receptor 
cloning has also been of particular importance to the 
discovery and design of new progestagens. In the first 
place cell constructs have been prepared which contain 
both the progesterone receptor and a suitable reporter 
gene coupled to a promoter which is responsive to the 
progesterone receptor/agonist complex. The so-called 
transactivation assays, based on these constructs, lend 
themselves for rapid screening of large numbers of 
compounds, including non-steroids. In the second place it 
became possible to prepare pure receptor protein in 
relatively large amounts, which made it possible, at least 
in principle, to determine the three-dimensional structure 
via X-ray crystallography, high field NMR, etc. While the 
size of the complete receptor thus far has resisted such an 
approach, the hormone-binding domain of the progester- 
one receptor has been crystallized in the presence of 
progesterone as the Iigand, and the structure determined 
by X-ray crystallography [60]. 

In the SAR field, the Comparative Molecular Field 
Analysis (CoMFA) method [61] undoubtedly represents a 
milestone in the development of three-dimensional-QSAR 
methods. Cramer first published it in 1988 and since then 
it has become of wide-spread use amongst medicinal 
chemists. As introduced in 1988, however, CoMFA (al- 
though powerful and elegant) needed several technical/ 
statistical improvements, and because of its intrinsic 
requirement for molecular superposition, it determined 
one way of performing 3-D-QSAR studies, i.e. with 
alignment. It is not surprising that from 1988 till now 
many QSAR developments have been devoted either to 
improve CoMFA or to derive CoMFA-like approaches, or 
to develop 3-D-QSAR methods which, in contrast to 
CoMFA, would not require a molecular alignment. 

Further, the 1990s were also characterized by the 
development of several receptor mapping techniques, 
spanning a wide range of complexity (from simple, 
CoMFA, to sophisticated, PARM). 



5./. 3-D-QSAR with alignment 

In CoMFA, activities are predicted in terms of differ- 
ences in steric and electrostatic interaction energies 
(molecular fields) between an atom probe and every atom 
in a molecule and every molecule in the data set. The 
interaction energies are calculated on a three-dimensional 
grid, whose points are set to an arbitrary distance within 
the CoMFA box. Compounds are by default centred in 
this box and superimposed on each other. Once the 3-D 
molecular fields are calculated for all molecules and 
accurate activities (mostly binding affinities or potencies) 
are available, the multivariate linear regression technique 
partial least square is used to derive a statistical model. 

The statistical results can be further visualized back on 
the 3-D grid in terms of steric and electrostatic contours, 
which suggest where compounds should be modified in 
steric and electrostatic terms to enhance or decrease their 
activities. Because of this, CoMFA finally had become 
the tool that medicinal chemists had been waiting for for 
a long time. As introduced in 1988, however, the method 
suffered from several limitations such as a grid- 
dependence of the statistical results (absence of rotational 
and translational invariance), a very stiff Lennard-Jones 
potential for calculating steric interactions, and a partial 
charge type dependence of the electrostatic interactions 
[62], Further CoMFA contours are not transferable be- 
cause they are entirely dependent on the data set inves- 
tigated. 

Some of these limitations were successfully dealt with 
by the work of Baroni [63] to improve variable selection 
in partial least squares analyses, the work of Hebe [64] to 
improve the calculations of the electrostatic and steric 
interactions by Gaussian smoothing of the Lennard-Jones 
and Coulomb potentials and the work of Cho [65] to 
ensure the rotational and translational invariance of the 
statistical quantities. 

The steroid data set on which CoMFA was first 
published became quickly known as the 'CoMFA data 
set*. Many new methods were subsequently tested on this 
data set to compare performances. The work of Oprea 
[66J is an interesting example, where he compared the 
minimal steric difference [67] approach with CoMFA. 
The results were not conclusive, but CoMFA was criti- 
cized for the too repulsive cut-off and for the stiffness of 
the Lennard-Jones potential. In 1994, Jain [68] published 
Compass, a method in which steric and electrostatic 
interactions are sampled close to the surface of com- 
pounds by means of neural networks. Its performance 
was tested on the steroid benchmark against CoMFA and 
the similarity index approach. Compass performed better. 
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The intrinsic requirement of an alignment and the need of 
finding the 'active' conformation were, however, criti- 
cized. 

In 1996, Kellogg et al. [69] introduced the E and HE 
topological fields in 3-D-QSAR. In a CoMFA-like ap- 
proach they substituted the scoring function used in 
CoMFA with the calculated E and HE fields. Their results 
showed that these fields perform better than the steric and 
electrostatic molecular fields. However, alignment is 
always needed and the interpretation of the E and HE 
contours is less intuitive than the corresponding contours 
in CoMFA. 

32. 3-D-QSAR without alignment 

Molecular superposition requires knowledge of the 
binding mode of a ligand towards its target Unfortu- 
nately, this mode is not always known. In this case a 
theoretical superposition must be derived. This process is 
not always straightforward and objective, which suggests 
that analyses and corresponding conclusions based on 
theoretical alignments should be performed with great 
care. Developing a 3-D-QSAR method that is indepen- 
dent from molecular superposition is undoubtedly one of 
the greatest challenges in the field of QSAR. Several 
attempts have already been performed. In 1996, Silver- 
man and Piatt [70] published the Comparative Molecular 
Moment Analysis (CoMMA), where moments of inertia, 
dipole and quadruple moments are used as molecular 
descriptors. The statistical results compared favourably 
with CoMFA. Visualization of the results was not con- 
sidered. 

In 1997, simulated infrared spectra were used by 
Ferguson [71] in the EVA approach to predict binding 
affinities. EVA correlations compared well with CoMFA. 

In the same year, Bravi [72] published the MS-WHIM 
(Molecular Surface- Weighted Holistic Invariant Molecu- 
lar) indices. The WHIM indices had already been intro- 
duced earlier [73]. In the original WHIM work, the 
Cartesian coordinates of the nuclei were used to calculate 
roto-translational invariant molecular moments. In the 
extended MS approach, the same indices were calculated 
from Connolly molecular surface points. The approach 
was tested on the steroid benchmark and compared with 
CoMFA, Compass and the Carbo similarity indices. The 
results were more than favourable. Within this approach, 
however, visualization of the statistical results remains a 
critical issue. 

Full exploitation of molecular spectra in QSAR studies 
was only recently published by Bursi [74], after almost 
20 years the work of Wray on l3 C-NMR spectra in SAR 
studies. In the novel Comparative Spectra Analysis 



(CoSA) approach, experimental ^-NMR, mass, and IR 
spectra and simulated 13 C-NMR and IR spectra were 
used alone or in combination to predict the binding 
affinities of a set of progestagens. The results compared 
more than favourably with CoMFA, strongly supporting 
the use of spectroscopic fields in QSAR studies. 

5 J. QSAR without 3-D 

Although dominated by CoMFA, in the nineties QSAR 
studies continued to be performed by means of a great 
variety of methods. 

One example is the work of Good [75] who imple- 
mented the Carbo index in a large variety of ways, and by 
means of the corresponding similarity matrices predicted 
the biological affinities of different data sets. The program 
GOLPE [63] was used as variable selector. The conclu- 
sion of this study was that similarity matrices should be 
more often used in QSAR studies. 

A data set of progestagens was also investigated by 
means of a combination of genetic algorithm (GA) and 
neural networks (NN) [76]. In this study molecular 
descriptors were selected by means of GA and correla- 
tions with the binding affinities were obtained by means 
of NN. Conclusions were that a non-linear technique 
leads to better results on this data set than partial least 
squares or other linear regression techniques. The inter- 
pretability of the results, however, remained very diffi- 
cult 

Novak [77] has recently published a study in which he 
presented several UV spectra for steroids of great interest, 
such as progesterone and testosterone. Assignment of the 
UV transitions were performed by means of AMI MO 
calculations. Ionization potentials were further deter- 
mined and a SAR study was attempted where ionization 
energies were correlated with receptor binding affinities. 
Unfortunately, no proper SAR could be derived on the 
basis of the available data. 

3 A. Receptor mapping 

In the 1990s many different approaches were devel- 
oped to map the active sites of drug targets from a data set 
of ligands. These approaches were mostly applied to 
targets whose crystal structures were still unknown. 
Crystallization of the progesterone (PR) nuclear receptor 
and of some other nuclear receptors was achieved only 
recently [60]. The mapping of the progesterone receptor 
ligand-binding domain was therefore highly desirable. 

One of CoMFA's great advantages is the visualization 
of the statistical results in terms of contours around the 
molecules. When binding data are considered for biologi- 
cal activity, these contours can also be seen as fingerprints 
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of the target's active site. In this sense, CoMFA belongs 
as well to receptor mapping approaches. Many CoMFA 
studies were therefore performed on PR alone or on PR 
and other nuclear receptors to obtain ideas on its active 
site or ideas on the differences between different active 
sites. Unfortunately, as published most of these studies 
were poor. 

Another interesting receptor site model is Doweyko's 
Hypothetical Active Lactice (HASL) approach [78], where 
a four-dimensional lattice is build around each molecule 
in the data set. The four dimensions are based on the three 
Cartesian coordinates of the atoms and a fourth dimen- 
sion, which can be a physical-chemical property of 
choice. The multidimensional lattices, which are gener- 
ated, are used to compare molecules with each other and 
to generate QSARs. The results discussed in this study 
were encouraging. 

In 1995, Hahn published a specific type of receptor site 
model, i.e., the Receptor Surface Model (RSM) [79]. 
Based on the idea of the active analogue approach, a 
dataset of active compounds is used to build the surface 
of the active site. Subsequently, 3-D energetics descrip- 
tors can be calculated from the interactions between RSM 
and ligand and used in the corresponding QSAR. A 
different selection of active compounds will obviously 
lead to a new RSM and, therefore, to new descriptors. 
Genetic algorithm is then used to select which descriptors 
(and therefore RSM models) are mostly valuable for the 
QSAR study considered. Trie approach was compared 
with CoMFA and Compass on different data sets. On the 
'CoMFA data set* RSM does not perform better than the 
other approaches. 

In 1998, the Pseudo Atomic Receptor Model (PARM) 
[80, 81] was published. PARM is, in fact, an improve- 
ment of Walter's Genetic Evolved Receptor Model 
(GERM) [82]. As in the other approaches, PARM needs 
a molecular alignment as well. Around the surface of each 
molecule a grid of points is built. At each grid point 
interaction energies are calculated between a given atom 
type and the closest atom in the molecule. Fifteen atom 
types are considered amongst which no atom at all is also 
considered. All possible combinations of atom types on 
the grid of points are considered, which leads to several 
models. At this point, in GERM, genetic algorithm 
evolves the individual combinations to the best combina- 
tions that are valuable for QSARs. In PARM the process 
is guided by a charge-dependent evolution of the indi- 
viduals, where complementary charges between ligand 
and receptor are assumed. Partial charges are assigned to 
the atom types and only individuals or combinations of 
them, which are complementary to the partial charges in 
the molecules or molecule model, further evolve. PARM 
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was tested amongst others on a steroid data set and 
compared with CoMFA. The cross-validated results as 
well as the predictive ability of the method were satis- 
factory. 



4. Conclusions 

Progestagens are steroid hormones which can be used 
in several therapeutic areas such as contraception, hor- 
mone replacement therapy and gynaecological disorders. 

From the start they represented a very interesting class 
of compounds because of their relative rigidity and 
chemical diversity. As soon as reasonable amounts of 
progestagens were synthesized, they became objects of a 
great variety of studies, not only for synthetic and 
computational medicinal chemists, but also for computa- 
tional chemists in general, crystallographers, and statisti- 
cians. 

It is therefore not surprising that while historically 
looking at the origin and further developments of proge- 
stagens, we ended up looking to a large extent at the 
historical development of the (Q)SAR field. 

It is undoubtedly true that we have come a long way in 
the process of understanding the properties and mecha- 
nisms of action of this class of compounds. Nowadays we 
can develop very potent and selective steroidal and 
non-steroidal progestagens, we can visualize the active 
site of the ligand-binding domain of the PR receptor and 
progesterone bound to it and we can derive reliable and 
robust QSAR models using a great variety of molecular 
descriptors from field to spectral descriptors. 

The challenge is, however, not over. Genomics and 
chip technologies drive nowadays the search for new 
targets, combinatorial chemistry (CC) and high- 
throughput screening (HTS) dominate the lead discovery 
process, and high-speed synthesis (HSS) and early ADME 
(Adsorption Distribution Metabolism Excretion) acceler- 
ate the lead optimization cycles. Despite all this, inde- 
pendently from the level of sophistication at which we are 
operating, we are continuously confronting ourselves 
with the concept of correlating structures with activities 
whenever we need to come to a full understanding of a 
given molecular mechanism. In this sense alone, the 
knowledge and the experience that have been acquired in 
more than sixty years of (Q)SAR developments should be 
treasured. 



References 

[1] Inhoffen HJi. Logemann W„ Hohlweg W., Serini A, Chem. Bcr. 7 1 
(1938) 1024-1030. 



rrom-OHDiiNLi rccuiwiDLrtu 



zo/uo/zuuo 11.1/ awo r.uzi/uzo 



R. Bursi, M.B, Groen / Eur. J. Med. Chem. 35 (2000) 787-796 



[2] Djerassi C.. Miraraontes L., Rosenkranz G., Soiidheimer E, J. Am. 
Chem. Soc, 76 (1954) 4092-4094. 

[3] Smith H., Hughes G.A„ Douglas G.H., et al. f J. Chem. Soc (1964) 
4472-4492. 

[4] Junfcmann K„ Arch. Exp. Pathol. PharmakDl. 223 (1954) 244-253. 
[5] Babcoclc J.C, Gutsell ES., Hen M.E, Hogg J.A, Stucki J.C, 

Barnes LE. Dulin W.E, J. Am. Chem. Soc 80 (1956) 2904-2905. 
[6] Ringold H.J., Perez Ruelas J. T Batres E. ( Djerassi C, J. Am. Chem. 

Soc 81 (1957) 3712-3716. 

[7] Bruckner K. ( Hampel B. f Johnsen U„ Chem. Ber. 94 (1961) 
1225-1240. 

[8] Laurent H., Schuh G.» Wiechert R., Chem. Ber. 102 (L969) 
2570-2582. 

[9] Westerhof P., ReerinJc EH., Reel. Trav. Chim. Fays-Bas 79 (1960) 
771-783. 

[10J Fried J., Sabo EE, Grabowich P.. Lemer L.J., Kessler W.B., 
Brennan DM., Borman A., Chem. Ind. (London) (1961) 465-466. 

UU Van der Sijde D., Kooreman H.J., Jaitly KJ>.. Marx A.F., J. Med. 
Chem. 15 (1972) 909-914. 

[12J De Winter M.S., Siegmann OM., Szpiifogel S.A., Chem. Ind. 
(London) (1959) 905. 

[13] Neumann F., Handbuch der Experimentellen Pharmacologie, Band 
XXII/1, Springer Veriag, 1968. 

[14J McGuire J.L, Bariso CD., Shroff A.P.. Biochemistry 13 (1974) 
319-322. 

[15 J Smith H.E, Smith R.G., Toft D.O., Necrgaard JJl., Burrows EJ>, 
O'Mailey B.W., J. Biol. Chenx 249 (1974) 5924-5932. 

[16J Kontula K., Janne O., Vihko R., de Jager E. de Visser J., Zeelen FJ., 
Acta Endocrinologica 78 (1975) 574-592. 

[17] Raynaud J.P., Ojasoo T., Bouton M.M., Philibert D., Receptor 
Binding as a Tool in the Development of New Bioactive Steroids, in: 
Ariens J. (Ed), Drug Design, vol. VIII. Academic Press, 1979. 

[18] Raynaud J.P., Bouton MM., Moguilewsky M., Ojasoo T., Philib- 
ert D., Beck, Labrie F., Momon J.P., J. Steroid Biochem. 12 (1980) 
143-157. 

[19] Bergink EW., Hamburger AJ>„ de Jager E.. van der Vies J., 

J. Steroid Biochem. 14 (1981) 157-183. 
[20] Bergink E.W., van Meel P., Turpijn E. W., van der Vies J., J. Steroid 

Biochem 19 (1983) 1563-1570. 

[21] Seeley DJL, Wang W.-Y., Salhanick H.A., J. Biol. Chem. 257 
(1982) 13359-13366. 

[22] Neelima, Seth M., Bhaduri P., Arznrim.-Forsch. (1986) 151-188. 

[23] Hammen L.P., Chem Rev. 17 (1935) 125-136. 

[24] Hansen C, Fujila T n J. Am. Chem. Soc. 86 (1964) 1616-1626. 

[25] Free S.M., Wilson J.W., J. Med. Chem. 7 (1964) 395-399. 

[26] Teutsch Weber U, Page G., Shapiro E.L., Herzog H.L., J. Med. 
Chem. 16 (1973) 1370-1376. 

[27] Wolff ME, Hansen C, J. Med. Chem. 17 (1974) 898-899. 

[28] Topliss J.G., Shapiro EL., J. Med. Chem. 18 (1975) 621-623. 

[29] Wolff M.E., Hansen C, Giannini D J).. KoIIman P.A., Duax W.L., 

Baxter CC, J. Steroid Biochem. 6 (1975) 211-214. 
POJ Cobura RA., Solo AJ., J. Med. Chem. 19 (1976) 748-754. 
[31] Lee D.L, Kollman P.A., Marsh FJ. T Wolff M.E, J. Med. Chem. 20 

(1977) 1139-1146. 

[32] Moriguchi L, Komatsu K., Matsushita Y., AnaL Chim. Acta 133 
(1981) 625-636. 

P3J Altona C, Geise H.J., Romers C, Tetrahedron 23 (1 967) 439-463. 
[34] Altona O, Geise H J., Romers C, Tetrahedron 24 (1968) 13-32. 
[35] Duax W.L., J. Steroid Biochem. 15 (1981) 41-47. 



795 



[36] Duax W.L., J. Tox. Envir. Hlth. 4 (1978) 205-227. 

[37] Duax W.L, Griffin J.F., Rohrer D.C., X-Ray Crystallography and 
Drug Action, in: Horn A.S.. de Router CJ. (Eds.), Course Int. Sen. 
Crystallogr. 9th, Oxford University Press, Oxford, 1984, 
pp. 40*426. 

[38] Duax W.L. Griffin J.F.. Rohrer D.C. in: Zalewski RX, Skolik JJ. 

(Eds.), Natural Products Chemistry, 1984. pp. 3985-3996. 
[39] Van der Broek AJ.. Broess A.I.A., Heuvel MJ., de Jongh HP., 

Zeelen FJ., Steroids 30 (1977) 481-510. 

140] Zeelen FJ., Biol. Act. Chem. Struct. (1977) 147-159. 

[41] Bohl M., Kaufmann G., Hubner M., Reck G., Kretschroer R.-G n 
J. Steroid Biochem. 23 (1985) 895-900. 

[42] Bohl M., Simon Z, VTad A., Kaufmann G^ Ponsold K., Z. 

Naturforsch. 42c (1987) 935-940. 
(43) Broess A J. A., Groen MJ., Hamersma H., Bioorg. Med. Chem. 

Lett 7 (1997) 2925-2928. 

[44] Broess A.I.A., Groen M.B., Hamersma H., Bioorg. Med. Chem. 

Lett 7 (1997) 2929-2934. 
[45] Van der Broek AJ., Broess A J.A., Heuvel v.d. MJ., Jongh de H.P., 

Leemhuis J., Schonemann K.H., Smits J., Visser de J.N., Vliet 

van P., Zeelen FJ., Steroids 30 (1977) 481-510. 
[46] Allinger N J., Lane G.A., J. Am. Chem, Soc. 96 (1974) 2937-2941. 
[47] Schneider H.-J., Gschwendtner W., Weigand EE, J. Am Chem. 

Soc. 101 (1979)7195-7198. 

[48] Schneider H.-J., Buchheit U.. Gschwendtner W., Lonsdorfer M., 

Mol. Struct Biol. Act. (1982) 165-179. 
[49] Schneider H.-J., Gschwendtaer W., J. Ore. Chem. 47 (1982) 

4216-4221. 

[50] Wray V., Tetrahedron 37 (1981) 777-780. 

[51] Hoppen H.-O., Harnmann P., Acta Endocrinol. 115 (1987) 40M12. 

[52] Hall LX>., Sanders J.K.M., J. Am Chem. Soc. 102(1980)5703-5711. 

[53] Teutsch G., Philibert D., Progesterone Antagonists in Reproductive 
Medicine and Oncology, Human Reproduction, vol. 9 Suppl. t, 
Oxford University Press, Oxford, 1994, pp. 12-31 

[54] Schoonen W.G.EJ., Vermeulen G J., Deckers G.H., Verbost P.M., 
Kloosterboer HJ.. Curr. Tbp. Steroid Res. 2 (1999) 15^54. 

[55] Dore* J.-C, Gilbert J., Ojasoo T., Raynaud J.-P„ J. Med Chem. 29 
(1986) 54-60. 

[56] Ojasoo T, Ddettrf J„ Mornon J.P, *nnpin-VanDycke C, 
Raynaud J.PJ., Steroid Biochem. 27 (1987) 255-269. 

[57] Groen M.B., van der Heuvel MJ., Deckers GJU., Klooster- 
boer H J., Kelder J., Zeelen FJ., Organon Internal Communication, 
1988. 

[58] Misrahi M., Atger M., d'Auriol L, Loosfelt H., Meriel C, Ridlan- 
sky F„ et al., Biochem. Biophys. Res. Commun. 143 (1987) 
740-748. 

[59] Beato M., Cell 35 (1998) 335-344. 
[60] Williams S.P., Sigler RB., Nature 393 (1998) 392-395. 
[61] Cramer R.D„ Patterson D.E, Bunce J.D., J. Am. Chem. Soc. 110 
(1988) 5959-5967. 

[62] Bursi R., Grootenhuis P.DJ„ J. Comput-Aided Mol. Des. 13 (1999) 
221-232. 

[63] Baroni M.. Constantino G., Cruciani G., RigancUi D, Valigi R., 
dementi $., Quant StructMct Relat 12 (1993) 9-20. 

[64] Klebe G., Abraham U., Mietzner X, J. Med. Chem. 37 (1994) 
41304146. 

[65] Cho SJ.. Tropsha A., J. Med. Chem. 38 (1995) 1060-1066. 

[66] Oprea T.I., Ciubotariu D., Sulea T.I., Simon Z., Quant Struct-Act 
Relat 12 (1993) 21-26. 

[67] Simon Z., Rev. Roumaine Chimie 37 (1992) 323-327. 



rrom-URDiiNCi kluiwdlmu 



zo/ uo/ zuuo 1 1 . J / to r Mia uzo 



R. Bursi, M.B, Grocn/Eur. J. Med. Chem. 35 (2000) 787-796 



796 



[68] Jain N., Koile K., Chapman D., J. Med. Chem. 37 (1994) 2315-2327. 
[69] Kellogg G.E, Kier L.B., Gaillard P., Hail L.H., J. Comput.-Aided 
Mol. Des. 10 (1996) 513-520. 

[70] Silverman B.D., Piatt D., J. Med. Chem. 39 (1996) 2129-2140. 
[71] Ferguson A.M.. Heritage T., Jonathon P., Pack S.E, Phillips L., 

Rogan J., Snaith P.J., J. Comput.-Aided Mol. Des. 11 (1997) 

409-422. 

[72] Bravi G., Gancia E t Mascagni P., Pegna M. t Todeschini R., 
Zaliani A., J. Comput.- Aided Mol. Des. 11 (1997) 79-92. 

[73] Todeschini R., Lasagni M., Marengo E, J. Oiemom. 8 (1994) 
263-272. 

[74] Bursi R., Dao T. ( van Wijk T. f de Gooyer M.. Kellenbach E., 
Verwer P., J. Chem. Inf. Comp. Sci. 39 (1999) 861-S67. 

[75] Good C, Peterson S.J., Richards W.G., J. Med. Chem. 36 (1993) 
2929-2937, 



[76] Van Helden S., Hamersma H., van Geerestein V.J., Genetic Algo- 
rithms in Molecular Modelling, Academic Press, London, 1996, 
pp. 159-192. 

[77] Novak I., Kovac B., Biophys. Chent 78 (1999) 233-240. 

[78] Doweylco A.M., J. Med. Chem. 31 (1998) 1396-1406. 

[79J Hahn M„ Rogen D. r J. Med. Chem. 38 (1995) 2091-2102. 

[80] Chen H., Zhou J, Xie G., J. Chem. Inf. Comput Sci. 38 (1998) 
243-250. 

(81) Santagati M., Chen H M., Santagati A., Modica M., Guccione S., 
Uccello Barretta G., Balzano E, in: Gundertofte K n Jorgensen F.S. 
(Eds.), Molecular Modelling and Prediction of Btoactfvity, Kluwer 
Academjc/Pleaum Publishers, New York, 2000, pp. 443-450. 

[82] Walters D.E., Hinds RJtf., J. Med. Chem. 37 (1994) 2527-2531 . 



